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PKEFACE 


TO  THE  SIXTH  EDITION. 


In  the  present  Edition,  the  systematic  course  of  Qualitative 
Analysis  has  been  revised,  especially  in  that  part  which  refers 
to  the  examination  of  the  precipitate  produced  by  hydrosul¬ 
phate  of  ammonia. 

Important  additions  have  been  made  to  the  Examples  for 
Practice  in  Quantitative  Analysis,  and  more  explicit  direc¬ 
tions  have  been  given  in  order  to  render  the  operator  in  some 
measure  independent  of  the  assistance  of  an  instructor.  The 
chapter  on  Volumetric  Analysis  has  been  enlarged  and  incor¬ 
porated  with  the  Quantitative  Analysis,  and  the  processes 
selected  as  exercises  in  this  branch  are  calculated  to  prepare 
the  learner  for  the  study  of  more  elaborate  treatises. 

The  weights  and  measures  for  Quantitative  Analysis  are 
given  in  terms  of  the  French  as  well  as  of  the  English  stand¬ 
ard,  the  former  being  now  so  commonly  used  in  laboratories 
and  referred  to  in  scientific  writings,  that  every  student  of 
Chemistry  should  be  conversant  with  it. 
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PREFACE  TO  THE  SIXTH  EDITION. 


Mr.  Collings  has  embellished  this  Edition  with  a  large 
number  of  additional  wood  engravings  from  sketches  made 
by  himself  in  the  laboratory. 

King’s  College,  London, 

September,  1871. 


PREFACE 


TO  THE  FIRST  EDITION. 


Among  the  many  recent  and  valuable  works  on  Chemistry, 
I  am  not  aware  of  one  having  for  its  special  object  to  explain, 
and  render  simple  to  the  beginner,  the  various  processes  em¬ 
ployed  in  analysis,  or  which  have  been  devised  for  the  illus¬ 
tration  of  the  principles  of  the  Science.  Most  of  them  contain 
much  that  is  superfluous  for  the  general  student,  who  has  but 
a  limited  time  to  devote  to  the  subject ;  while  they  are  want¬ 
ing  in  those  explanatory  details,  without  which  he  must  often 
fail  to  understand  the  rationale  of  the  operations  through 
which  he  is  conducted. 

It  is  with  a  wish  to  supply  this  deficiency,  and  at  the  same 
time  to  furnish  a  text-book  for  my  own  classes,  that  the  pres¬ 
ent  little  work  has  been  written ;  and  as  it  is  intended  for  the 
use  of  those  who  have  made  but  little  progress  in  the  Science, 
my  endeavor  has  been,  throughout,  to  make  everything  as 
simple  and  intelligible  as  possible.  The  employment  of  com¬ 
plicated  or  expensive  apparatus  has  been  almost  wholly 
avoided. 

The  outline  of  most  of  the  First  Part  was  arranged  some 
years  ago  by  my  friend  Professor  Miller  (at  that  time  Demon- 
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strator  of  Chemistry  in  King’s  College),  for  the  use  and  direc¬ 
tion  of  the  class  of  Chemical  Manipulation,  then  first  estab¬ 
lished,  to  supply  a  growing  demand,  and  to  meet  the  require¬ 
ments  of  the  University  of  London,  and  some  of  the  other 
Examining  Boards  of  the  Metropolis.  In  the  compilation  of 
the  Second  and  Third  Parts,  I  have  been  much  indebted  to 
the  excellent  works  of  Rose,  Fresenius,  Parnell,  and  others ;  I 
must  also  here  thank  my  colleague,  whose  name  I  have  al¬ 
ready  mentioned,  for  many  valuable  suggestions,  and  for  his 
kindness  in  revising  the  proof-sheets,  without  which  assist¬ 
ance  many  errors  would  have  crept  in,  and  rendered  the  book 
less  worthy  of  the  student’s  confidence. 

John  E.  Bowman. 

King’s  College,  London, 

September,  1848. 
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PRACTICAL  CHEMISTRY. 


PART  I. 


CHAPTER  I.1 

INTRODUCTORY - GENERAL  RULES. 

1.  So  essentially  is  chemistry  an  experimental  science, 
and  so  almost  exclusively  is  it  built  up  of  facts  which 
have  been  elucidated  by  experiment,  that  without  experi¬ 
mental  illustrations  it  would  be  quite  impossible  to  teach 
or  to  study  it  with  any  great  amount  of  success.  It  is  not 
enough,  however,  for  the  student  to  see  experiments  per¬ 
formed  by  others ;  he  must,  if  he  would  master  even  the 
general  principles  of  chemistry,  learn  to  make  experiments 
himself;  and  he  will,  probably,  be  surprised  how  much 
more  easily  he  will  retain  in  his  recollection  those  phe¬ 
nomena  (as  well  as  the  principles  they  illustrate)  which  his 
own  hands  have  been  the  means  of  producing.  This  is 
especially  the  case  when  he  is  enabled,  while  operating  in 
the  laboratory,  to  learn  and  study  the  theory  of  the  changes 
which  take  place  under  his  direction. 

2.  It  is  very  important  that  the  student  should  at  once 
begin  to  make  careful  notes  of  all  the  experiments  he 
engages  in.  He  should  endeavor  to  do  this  in  as  concise 
and  methodical  a  manner  as  possible,  and  he  will  find  it 
very  advantageous  to  make  use  of  symbols  in  describing 
the  substances  he  employs,  and  the  changes  which  they 
undergo:  he  will  thus  be  able  to  record  much  in  a  small 
space,  and  at  the  same  time  he  will  be  making  himself 

1  The  beginner  is  advised  to  study  the  Glossary  of  Chemical  Terms 
in  the  Appendix. 
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familiar  with  the  composition  of  the  substances  with  which 
he  is  experimenting.1 

3.  When,  as  is  often  the  case,  especially  in  analytical 
experiments,  there  are  several  solutions  and  precipitates 
either  filtering,  digesting,  or  waiting  till  the  operator  has 
leisure  to  attend  to  them,  it  is  necessary  to  mark  them  in 
some  way,  to  prevent  confusion.  This  is  easily  done  with 
small  pieces  of  gummed  paper,  on  which  a  letter  or  num¬ 
ber  may  be  written,  corresponding  with  a  similar  reference 
mark  in  the  note-book. 

4.  The  student  will  soon  learn  by  experience  that,  he 
cannot  be  too  methodical  in  his  operations,  or  too  careful 
in  cultivating  habits  of  neatness  and  cleanliness.  The 
presence  of  a  little  saline  or  other  impurity  in  a  glass, 
owing  to  careless  washing,  or  a  little  extraneous  matter 
having  been  allowed  to  find  its  way  into  a  bottle  or  test- 
tube,  may  retard  or  spoil  the  result  of  whole  days  of 
labor. 

“Much  as  the  chemist  may  soil  his  fingers  during  his 
experimental  occupations,  he  will  soon  learn  the  great 
importance  of  cleanliness  to  the  success  of  his  experiments. 
The  regular  course  of  his  operations  causes  many  kinds  of 
matter  to  pass  in  succession  through  his  hands ;  and  many 
of  the  substances,  which  by  mixture  have  exhibited  the 
phenomena  they  were  competent  to  occasion,  and  so  far 
answered  the  purpose  of  the  experiment,  then  became  mere 
useless  dirt.  Their  dismissal  and  entire  removal  when 
thus  circumstanced  become  necessary,  that  they  may  not 
contaminate  other  bodies;  and  are  as  imperatively  required, 
as  was  the  care  previously  bestowed  to  prevent  their  con¬ 
tamination  from  extraneous  matter. 

“  It  is  this  rapid  change  in  the  character  and  relation  of 
the  substances  with  which  the  chemist  works,  that  makes  a 
constant  attention  to  cleanliness  essentially  necessary.  The 
very  bodies  which  at  one  moment  are  carefully  retained  in 
vessels  that  have  previously  been  cleansed  with  the  most 
scrupulous  attention,  become  the  next  in  the  situation  of 
so  much  dirt,  from  which  the  vessels  must  be  cleansed  as 
perfectly  and  carefully,  before  they  can  be  fit  for  another 

1  The  student  is  referred  to  works  on  Theoretical  Chemistry  for  the 
symbols  by  which  the  elements  and  their  compounds  are  represented. 
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experiment,  as  they  were  for  the  reception  of  the  now 
rejected  matter.  The  results  of  numerous  experiments 
relative  to  testing  bodies  in  solution  by  reagents  are  in 
many  cases  dependent  on  the  employing  of  clean  vessels. 
For  instance,  a  portion  of  water,  examined  in  glasses 
which  have  been  carelessly  washed,  may  occasion  a  slight 
precipitate  with  nitrate  of  silver  or  chloride  of  barium,  and 
thus  seem  to  contain  a  chloride  or  a  sulphate,  when  the 
cause  of  the  precipitate  may  be  nothing  more  than  por¬ 
tions  of  salts  adhering  to  the  vessel. 

“  In  the  same  manner  the  purity  of  an  acid  or  a  test  is 
not  unfrequently  affected  by  the  state  of  the  bottle  contain¬ 
ing  it,  or  by  the  dirty  condition  of  glass  rods  dipped  into 
it,  or  of  the  funnels  through  which  it  has  been  poured  or 
filtered,  or  of  the  vessels  used  in  its  transference;  and 
sometimes  it  is  contaminated  by  laying  the  stopper  of  the 
bottle  containing  it  in  a  dirty  place.  Nor  is  it  only  that 
kind  of  dirt  or  impurity  which  gives  an  evident  tinge  to 
what  it  adheres  to,  that  is  to  be  avoided,  but  also  nume¬ 
rous  colorless  substances,  as  salts,  solutions,  &c. ;  and  in 
a  word,  anything  which  differs  from  the  principal  sub¬ 
stance  itself,  and  is  at  the  same  time  liable  to  be  dissolved 
or  mixed  with  it. 

“  In  consequence  of  these  liabilities,  and  their  interfer¬ 
ence  with  experiments,  it  should  l>e  established  as  a  general 
rule  in  the  laboratory,  that  no  apparatus,  nor  any  vessel 
(except  such  as  may  be  destined  to  a  particular  use,  and 
is  as  convenient  when  with  a  little  previously  adhering 
matter  as  if  it  were  clean),  be  put  away  in  a  dirty  state. 
All  vessels  or  instruments  when  resorted  to  should  be 
found  fit  for  the  nicest  experiment  to  which  they  are  ap¬ 
plicable.  Glass  rods  or  stirrers  should  be  preserved  in  a 
clean  place ;  glasses,  on  a  clean  shelf;  and  stoppers,  when 
taken  out  of  bottles,  should  be  laid  upon  clean  surfaces. 
These  attentions  and  regulations  will  be  found  always 
useful,  at  times  essential ;  and  they  are  generally  more 
requisite  and  influential  in  minute  chemistry  than  in  large 
experiments.”1 

5.  It  is  easy  to  clean  even  the  dirtiest  vessel,  provided 


Faraday’s  Chemical  Manipulation,  p.  523. 
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it  has  not  been  allowed  to  remain  long  with  the  impurities 
adhering  to  it;  this,  indeed,  should  never  be  permitted, 
and  is  readily  avoided  by  making  it  a  rule  never  to  leave 
work  for  the  day  until  the  whole  of  the  solid  apparatus 
has  been  thoroughly  washed,  and  left  to  drain  during  the 
night,  ready  for  wiping  the  next  morning.  For  most  pur¬ 
poses  of  cleaning,  water  will  be  found  sufficient,  especially 
when  the  dirt  is  still  moist;  and  when  mere  rinsing  does 
not  remove  it,  gentle  friction  with  moist  tow  and  coal 
ashes  or  sand  will,  in  most  cases,  prove  effectual.  When 
the  form  of  the  vessel  to  be  cleaned  is  such  as  will  not 
allow  the  introduction  of  the  hand  (as  flasks,  test-tubes, 
&c.),  a  small  bottle-brush,  or  a  piece  of  stick  or  wire, 
having  a  little  tow  wrapped  round  the  end,  will  be  found 
very  convenient.  Glasses  or  basins  that  have  been  set 
aside  to  drain  should,  before  use,  be  wiped  with  a  dry 
clean  cloth,  to  remove  any  adhering  particles  of  dust  or 
moisture.  Bottles  or  flasks,  when  required  to  be  perfectly 
dry  inside,  may,  after  most  of  the  water  has  been  removed, 
be  easily  dried  by  warming  them  gently,  and  drawing  air 
into  them  through  a  glass  tube,  with  the  mouth ;  in  this 
way  the  water  is  converted  into  vapor,  which  is  quickly 
removed  bv  the  current  of  comparatively  dry  air. 

When  a  glass  or  dish  is  greasy,  it  should  be  first  wiped 
as  clean  as  possible  with  tow  or  a  dry  cloth,  then  moist¬ 
ened  with  a  little  strong  potash,  and  lastly,  well  washed 
and  rinsed  with  water.  When  the  dirt  to  be  removed  is 
resinous  also,  or  tarry,  the  application  of  strong  potash  or 
sulphuric  acid  will  generally  act  upon  it  in  such  a  way, 
that  subsequent  washing  with  water,  together  with  gentle 
friction  with  sand,  will  render  it  quite  clean.  It  often 
happens,  especially  when  a  glass  has  been  allowed  to  dry 
in  a  dirty  state,  that  an  insoluble  crust  is  formed  on  the 
surface  'which  is  very  difficult  of  removal  by  mechanical 
means,  but  readily  yields  on  the  application  of  a  few  drops 
of  hydrochloric  or  some  other  acid.  An  instance  of  this  is 
afforded  by  solutions  of  lime,  which,  on  exposure  to  the 
air,  frequently  deposit  a  crystalline  sediment  of  carbonate 
of  lime,  which  adheres  strongly  to  the  glass,  but  instantly 
dissolves  on  the  addition  of  the  acid. 

6.  When  thrown  upon  his  own  resources,  the  student 
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will  often  find  it  of  the  utmost  value  to  be  able  to  substi¬ 
tute,  in  default  of  more  perfect  apparatus,  the  common 
things  used  in  domestic  life,  which  are  to  be  found  in  every 
house,  such  as  glasses,  plates,  cups,  saucepans,  &c.  When 
in  addition  to  these  he  has  at  his  command  a  blowpipe,  a 
small  piece  of  platinum  foil  and  wire,  a  flask  or  two,  a 
funnel,  and  a  little  glass  tubing  of  different  sizes,  he  will, 
with  the  exercise  of  a  little  ingenuity  and  contrivance,  be 
able  to  go  through  a  very  considerable  course  of  experi¬ 
mental  chemistry.  He  may  rest  assured  that  it  is  no  dis¬ 
advantage,  but  rather  the  contrary,  to  be  thus  compelled 
to  devise  and  construct  for  himself  rude  and  extempora¬ 
neous  forms  of  apparatus ;  and  if  he  should  require  en¬ 
couragement  to  persevere  in  spite  of  the  scantiness  of  his 
resources,  he  need  only  be  reminded  that  the  majority  of 
those  whose  names  shine  brightest  in  the  annals  of  science, 
have  laid  the  groundwork  of  their  future  eminence  while 
placed  under  the  most  unfavorable  circumstances.  So  it 
was  with  the  great  Davy  /  so  with  Dalton,  with  Scheele, 
Faraday,  Dumas,  Liebig,  and  many  others  almost  equally 
illustrious. 

“Habits  of  correct  and  delicate  manipulation  very  much 
facilitate  experimental  inquiries  at  all  times.  It  is  not  in 
difficult  researches  only  that  it  is  desirable,  but  even  in 
such  common  operations  as  testing  for  lime,  or  iron,  or 
sulphuric  acid,  its  advantages  become  manifest;  for  either 
time  is  shortened,  or  the  apparatus  considered  as  necessary 
is  diminished,  or  effectual  substitution  is  made  for  those 
that  may  be  wanting,  and  thus  the  experiment  becomes 
easy,  where  otherwise  it  would  be  considered  impossible. 
Besides  facilitating  such  inquiries,  it  also  diminishes  the 
expense  both  in  materials  and  apparatus,  and  it  produces 
beneficial  habits  in  the  mind,  by  exercising  it  both  in  in¬ 
vention  and  perception  even  in  this  subordinate  part  of 
its  operations.  ‘Nothing/  as  Dr.  Johnson  observes,  ‘  is  to 

1  “  Ilis  means,  of  course,  were  very  limited;  not  more  extensive 
than  those  with  which  Priestley  and  Scheele  began  their  labors  in  the 
same  fruitful  field.  His  apparatus,  I  believe,  consisted  chiefly  of 
vials,  wine-glasses,  and  tea-cups,  tohacco-pipes,  and  earthen  cruci¬ 
bles;  and  his  materials  were  chiefly  the  mineral  acids  and  the  alkalies, 
and  some  other  articles  which  are  in  common  use  in  medicine.” — 
Life  of  Sir  H  Davy ,  by  John  Davy,  M.D.,  vol.  i,  p.  43. 
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be  considered  as  a  trifle,  by  which  the  mind  is  inured  to 
caution,  foresight,  and  circumspection.  The  same  skill, 
and  often  the  same  degree  of  skill,  is  exerted  in  great  and 
little  things/  ”l 


CHAPTER  II. 

MANIPULATION  WITH  GASES. 

SECTION  I. 

Preparation  of  Hydrogen.2 

7.  Weigh  300  grains  of  granulated  zinc,  and  introduce 
the  fragments  carefully  through  the  tubulure  of  a  retort, 

sliding  them,  not  dropping 
them  in,  to  avoid  the  risk  of 
breaking  the  bottom  of  the  re¬ 
tort,  which  is  usually  of  thin 
glass,  and  consequently  seldom 
strong  enough  to  bear  a  blow 
without  injury. 

Pour  upon  the  metal  four 
fluid  ounces  of  dilute  sulphuric 
acid,  consisting  of  one  part  by  measure  of  oil  of  vitriol 
and  five  parts  of  water. 

(Oil  of  vitriol,  when  mixed  with  water,  evolves  much 
heat;  hence  they  must  be  mixed  in  a  vessel  of  earthen¬ 
ware  or  of  thin  glass,  into  which  the  water  is  poured  first, 
and  the  sulphuric  acid  added,  in  a  thin  stream,  whilst  the 
water  is  stirred  with  a  glass  rod.) 

Effervescence  immediately  commences,  owing  to  the 
evolution  of  the  gas,  the  zinc  being  rapidly  dissolved,  in 

1  Faraday,  op.  cit.  p.  vi. 

2  The  specific  gravity,  or  relative  weight,  of  hydrogen  is  lower  than 

that  of  any  other  form  of  matter,  being  only  0.069,  that  of  common 
air  being  considered  1.000.  100  cubic  inches,  at  60°  F.  and  30  in.  bar., 

weigh  2.14  grains. 


Fig.  l. 
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the  form  of  sulphate,  with  evolution  of  much  heat,  and 
some  black  flakes  of  lead  being  separated,  since  that  metal 
is  nearly  always  found  in  commercial  zinc,  and  is  not  dis¬ 
solved  by  dilute  sulphuric  acid.  The  gas  may  be  collected 
in  cylinders  tilled  with  water,  and  inverted  upon  the  shelf 
of  the  pneumatic  trough  (Fig.  2). 

A  three-legged  table  made  of  tin-plate,  and  perforated 
wflth  two  or  three  holes,  may  be  placed  in  any  deep  vessel 
of  water  to  be  used  as  a  pneumatic  trough.  The  so-called 
bee-hive  shelves  of  earthenware  are  also  used  for  this 
purpose. 

Fill  five  or  six  gas-cylinders  with  hydrogen,  before  com¬ 
mencing  the  following  experiments,  and  set  the  retort 
aside  upon  a  list  ring. 

Fig.  2. 


Pneumatic  Trough. 


8.  Lift  the  cylinder  which  wras  first  filled  off  the  shelf, 
still  keeping  its  mouth  dowmvards,  and  introduce  a  lighted 
taper;  a  slight  explosion  will 
probably  ensue,  because  the 
hydrogen  is  mixed  with  atmos¬ 
pheric  air  previously  contained 
in  the  retort;  showing  that  a 
light  must  never  be  applied  to  a 
hydrogen  apparatus  until  all 
the  air  has  been  expelled. 

Repeat  the  experiment  with 
a  cylinder  of  hydrogen  free  from  air;  the  taper  is  extin¬ 
guished,  for  the  gas  does  not  support  combustion,  but  the 
hydrogen  takes  fire  at  the  mouth  of  the  cylinder  with  a 


Fig.  3. 
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slight  report,  and  if  the  taper  be  carefully  withdrawn,  it 
may  be  rekindled  at  the  flame  of  the  hydrogen,  and  this 
extinction  and  rekindling  of  the  taper  may  be  repeated 
until  the  gas  has  burnt  out. 

9.  Fill  a  small  cylinder  with  the  gas,  and  having  re¬ 
moved  it  from  the  shelf,  let  it  stand  for  a  few  seconds  with 
its  open  end  upwards.  If  a  lighted  taper  be  now  applied 
(Fig.  6),  no  combustion  will  ensue,  as  the  hydrogen  will 
have  escaped  upwards,  on  account  of  its  low  specific  gravity. 

10.  Repeat  the  last  experiment,  holding  the  cylinder 
with  the  open  end  downwards.  On  applying  a  lighted 
taper,  a  slight  explosion  xvill  take  place,  showdng  that  the 
hydrogen  had  not  entirely  escaped  as  before,  but  had  be¬ 
come  mixed  with  air  by  diffusion. 

11.  Raise  a  cylinder  of  hydrogen  from  the  trough, 
keeping  its  mouth  downwards,  and  pour  the  gas  upwards 
into  another  cylinder  containing  air.  Prove  the  transfer 
of  the  gas  by  applying  a  lighted  taper  to  the  mouth  of  each 
cylinder. 

12.  Transfer  some  of  the  gas  from  a  large  cylinder  to  a 
small  one,  and  from  this  again  to  tubes,  until  it  can  be 

done  without  allowing  any 
bubbles  to  escape.1  When 
the  gas  is  to  be  decanted 
into  a  cylinder  or  tube 
which  is  much  narrower,  it 
may  be  first  transferred  into 
a  lipped  glass;  or  an  in¬ 
verted  funnel  may  be  used, 
as  shown  in  Fig.  4. 

13.  Transfer  a  little  of 
the  hydrogen  in  this  wray 
into  a  graduated  cylinder ; 
measure  out  two  cubic  inches,  and  transfer  them  into 
another  cylinder. 

The  graduated  cylinder  being  filled  with  water,  close  its 
mouth,  under  the  water,  with  a  glass  plate,  then  raise  it, 
with  the  glass  plate  beneath,  out  of  the  water,  and  slip 
the  plate  gradually  aside,  so  that  bubbles  of  air  may  enter ; 

1  It  is  advisable  to  practice  this  with  a  jar  containing  air  in  order 
to  avoid  wasting  the  hydrogen. 


Fig.  4. 
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measure  out,  in  this  way,  two  cubic  inches  of  air,  slide  the 
plate  back  again,  so  as  to  close  the  cylinder,  and  decant 
the  air,  under  water,  into  the  cylinder  containing  the  two 
cubic  inches  of  hydrogen ;  then  close  this  with  a  glass 
plate,  place  it  mouth  upwards  upon  the  table,  remove  the 
plate,  and  apply  a  lighted  taper. 

Repeat  the  experiment  a  second  time,  with  two  cubic 
inches  of  hydrogen  and  four  cubic  inches  of  air;  and  a 
third  time,  with  six  cubic  inches  of  air,  and  ascertain  in 
which  case  the  loudest  explosion  takes  place.  Compare 
the  conclusion  arrived  at  with  that  expected  from  the 


Fig.  5. 


composition  of  air  and  the  combining  volumes  of  oxygen 
and  hydrogen. 

SECTION  II. 

Preparation  of  Carbonic  Acid  Gas} 

14.  Put  300  grains  of  marble  (carbonate  of  lime)  broken 
into  fragments  about  the  size  of  a  pea,  into  a  retort,  observ¬ 
ing  the  same  precautions  as  were  recommended  in  the  prep¬ 
aration  of  hydrogen  (7).  Measure  out  an  ounce  and  a 
half  of  hydrochloric  acid,  dilute  it  with  an  equal  quantity 
of  water,  and  pour  the  mixture  upon  the  marble.  The  gas 

1  The  specific  gravity  of  carbonic  acid  is  1.529  (air  being  1.0),  100 
cubic  inches  weighing  47.3  grains.  At  a  temperature  of  60°  water 
dissolves  about  its  own  bulk  of  carbonic  acid. 
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is  immediately  given  off,  causing  brisk  effervescence,  and 
it  may  be  collected  in  jars  placed  on  the  shelf  of  the  pneu¬ 
matic  trough,  the  first  jarful  being  rejected  as  impure. 

15.  Introduce  a  lighted  taper  into  a  small  jar  of  the  gas 
held  with  its  open  end  upwards.  It  is  instantly  extin¬ 
guished  ;  and  as  the  carbonic  acid  remains  some  time  in 
the  jar,  on  account  of  its  high  specific  gravity,  the  taper 
may  be  extinguished  repeatedly  in  the  same  jar  of  gas. 


Fig.  6.  Fig.  7. 


16.  Pour  a  little  lime-water  into  a  test-glass,  and  thence 
into  ajar  filled  with  the  gas,1  closing  the  mouth  of  the  jar 
with  a  glass  plate,  and  agitating  the  gas  and  liquid  together. 
The  lime-water  almost  immediately  becomes  milky,  owing 
to  the  formation  of  carbonate  of  lime,  which  is  insoluble  in 
water.  Pour  a  little  of  this  milky  fluid  into  another  jar 
of  carbonic  acid ;  on  closing  with  a  glass  plate  and  shaking 
violently,  the  milkiness  will  disappear,  for  the  excess  of 
carbonic  acid  dissolves  the  carbonate  of  lime. 

If  a  few  drops  of  hydrochloric  acid  be  added  to  the  other 
portion,  the  carbonate  of  lime  is  decomposed,  and  the  milki¬ 
ness  disappears,  chloride  of  calcium  being  formed,  which 
is  soluble  in  water. 

17.  Having  filled  a  jar  with  the  gas,  pour  it  into  another 
jar  somewhat  smaller  (Fig.  7);  this  is  easily  effected,  owing 
to  the  high  specific  gravity  of  carbonic  acid.  Test  its 

1  If  the  lime-water  were  poured  from  the  bottle  at  once  into  the 
gas-jar,  a  quantity  of  the  carbonic  acid  would  enter  the  bottle  and 
render  the  whole  of  the  lime-water  turbid. 
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to  escape,  under  water, 
acid,  and  when  a  little 
close  it  with  the  palm 
and  shake  vio- 


t  rough 


air 


presence  in  both  jars  with  lime-water,  and  by  its  power  of 
extinguishing  a  taper. 

18.  Allow  a  little  of  the  gas 
from  a  jar  filled  with  carbonic 
water  has  thus  entered  the  jar, 
of  the  hand,  remove  it  from  the 
lently  to  and  fro ;  a  portion  of  the  carbonic  acid  will  be 
absorbed  by  the  water,  and  on  plunging  the  jar  again 
beneath  the  surface  and  removing  the  hand,  more  water 
will  enter  to  supply  the  place  of  the  gas  which  had  been 
absorbed ;  on  adding  some  lime-water  to  the  water  in  the 
jar,  the  presence  of  carbonic  acid  will  be  rendered  evident. 

19.  By  means  of  a  narrow  tube  open  at  both  ends,  fill  a 
jar  over  the  pneumatic  trough,  with  air  from  the  lungs. 
Test  it  with  a  lighted  taper,  and  observe  that  it  causes  an 
abundant  precipitate  in  lime-water,  owing  to  the  presence 
of  carbonic  acid. 

20.  Invert  a  jar  filled  with  common 
taper  fixed  in  a  cork  floating  on  the 
water  of  the  pneumatic  trough  (Fig.  8) ; 
observe  that  it  soon  burns  dimly,  and 
is  shortly  extinguished,  the  water  at 
the  same  time  slowly  rising  in  the  jar. 

The  absorption  of  air  is  here  owing  to 
the  disappearance  of  part  of  the  atmos¬ 
pheric  oxygen,  which  combines  with 
the  hydrogen  and  carbon  of  the  burn¬ 
ing  wax,  forming  water,  which  con¬ 
denses  upon  the  sides  of  the  jar,  and 
carbonic  acid  gas,  which  is  equal  in 
volume  to  the  oxygen  consumed  to  form 
guishes  the  taper  long  before  the  whole  of 
exhausted.  When  the  combustion  is  over,  transfer  the 
air  into  another  jar,  and  test  it  with  lime-water  for  car¬ 
bonic  acid  (16). 

21.  Expose  a  few  drops  of  lime-water  to  the  air  upon  a 
clean  glass  plate,  and  observe  the  film  of  carbonate  of  lime 
produced  after  a  few  minutes  by  the  atmospheric  carbonic 
acid. 


over  a  lighted 


Fig.  8. 


it,  and  extin- 
the  oxygen  is 
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SECTION  III. 

Preparation  of  Nitric  Oxide} 

22.  Put  300  grains  of  copper  turnings  into  a  retort,  and 
pour  upon  it  three  ounces  of  dilute  nitric  acid  containing 
equal  measures  of  the  strong  acid  and  water.  Decompo¬ 
sition  immediately  commences  on  applying  a  gentle  heat 
(Fig.  9),  and  the  nitric  oxide  is  evolved,  the  copper  being 
dissolved  in  the  form  of  nitrate  of  copper,  which  gives  the 
blue  color  to  the  liquid. 


Fig.  9. 


The  gas  which  is  first  formed  becomes  orange,  owing  to 
its  conversion  into  peroxide  of  nitrogen  by  combining  with 
the  atmospheric  oxygen  contained  in  the  retort. 

Before  removing  the  flame  from  under  the  retort,  be 
careful  to  take  the  neck  out  of  the  water,  or  the  latter  will 
be  forced  up  into  the  retort  as  it  cools,  and  may  either 
break  or  overbalance  it. 

23.  Transfer  a  little  to  a  jar,  and  test  it  with  a  taper;1 2 
observe  the  orange  fumes  of  peroxide  of  nitrogen,  which 
are  instantly  produced  wherever  the  gas  mixes  with  the 
air. 

24.  Measure  2|  cubic  inches  of  the  gas  in  a  graduated 

1  The  specific  gravity  of  nitric  oxide  is  1.039, 100  cubic  inches  weigh¬ 
ing  32.22  grains. 

2  Pure  nitric  oxide  extinguishes  a  taper,  but  the  gas  obtained  by 
the  above  process  often  contains  nitrous  oxide  which  enables  it  to 
support  combustion. 
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cylinder,  and  transfer  it  to  another  jar  over  the  pneumatic 
trough  ;  then  measure  off  an  equal  volume  of  atmospheric 
air,  and  add  it,  bv  decantation,  to  the  nitric  oxide.  When 
the  orange  fumes  have  disappeared,  owing  to  the  absorp¬ 
tion  of  the  peroxide  of  nitrogen  by  the  water,  transfer  it 
again  to  the  graduated  jar,  and  observe  the  volume  of  the 
mixture,  noticing  accurately  the  difference  between  this 
and  the  sum  of  the  original  volumes  employed  before  mix¬ 
ing.  This  experiment  should  be  repeated  three  or  four 
times,  and  if  the  results  in  each  case  agree  pretty  closely, 
take  the  average  of  the  experiments,  and  the  amount  of 
condensation,  divided  by  three,  should  give  nearly  the 
quantity  of  oxygen  contained  in  the  atmospheric  air  em¬ 
ployed.  Two  volumes  of  nitric  oxide  when  combined  with 
one  volume  of  oxygen  form  peroxide  of  nitrogen,  which  is 
absorbed  by  the  water ;  consequently,  one-third  of  the  gas 
absorbed  consists  of  atmospheric  oxygen.  If  the  experi¬ 
ment  be  carefully  performed,  the  absorption  will  be  found 
to  be  equal  to  about  three-fifths  of  the  volume  of  common 
air  employed  (i.e.,  to  about  1 1  cubic  inch),  the  proportion 
of  oxygen  contained  in  it  being  one-fifth. 

Though  the  results  obtained  in  this  way  are  not  very 
accurate,  owing  to  the  formation  of  other  oxides  of  nitro¬ 
gen,  the  experiment  is  useful  as  an  exercise  in  the  measure¬ 
ment  of  gases. 


SECTION  IV. 

Preparation  of  Olefiant  Gas.1 

25.  Pour  into  a  retort  six  fluid  drachms  of  alcohol,  and 
add  to  it  in  small  portions  an  ounce  and  a  half  of  strong 
sulphuric  acid,  gently  agitating  the  mixture  after  each 
addition.  Apply  heat  (Fig.  9),  and  take  care  that  the 
black  froth  which  is  formed  towards  the  close  of  the  opera¬ 
tion  does  not  boil  over.  Collect  the  gas  in  jars  over  the 
pneumatic  trough. 

Observe  the  odor  of  ether  possessed  by  the  bubbles  at 
the  beginning  of  the  process,  and  that  of  sulphurous  acid 
towards  the  end.  The  olefiant  gas  has  a  peculiar  odor  of 
garlic. 

1  The  specific  gravity  of  olefiant  gas  is  0.978. 
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26.  Examine  a  small  jarful  with  a  taper,  and  observe 
that,  though  the  taper  is  extinguished,  the  gas  burns  with 
a  bright  white  flame,  a  property  which  constitutes  its  great 
value  as  the  chief  illuminating  constituent  of  coal-gas. 

27.  When  mixed  witli  an  equal  volume  of  chlorine,  the 
two  gases  combine,  forming  a  heavy  oily  compound,  called 
Dutch  liquid. 

The  oil  collects  in  drops  on  the  sides  of  the  jar,  and  on 
the  surface  of  the  water,  while  the  gases  are  gradually  ab¬ 
sorbed. 

Olefiant  gas  derives  its  name  from  the  circumstance  of 
its  forming  this  oily  compound. 

28.  Mix  together  one  volume  of  olefiant  gas  and  two 
volumes  of  chlorine;  close  the  jar  with  a  glass  plate,  and 
quickly  remove  it  from  the  pneumatic  trough.  Apply  a 
light  to  the  mixed  gases,  and  observe  the  dense  cloud  of 
carbonaceous  matter  that  is  formed  as  the  combustion  grad¬ 
ually  passes  down  the  jar,  hydrochloric  acid  being  at  the 
same  time  produced,  the  chlorine  combining  only  with  the 
hydrogen  of  the  olefiant  gas,  and  liberating  the  carbon. 


SECTION  V. 

Preparation  of  Chlorine} 

29.  Arrange  the  apparatus  as  in  the  preparation  of  nitric 
oxide  (Eig.  9).  Introduce  into  the  retort  250  grains  of 
black  oxide  of  manganese  and  pour  upon  it  two  ounces  of 
common  hydrochloric  acid  ;  mix  them  well  by  agitation, 
and  apply  a  very  gentle  heat.  Collect  the  gas  in  jars  filled 
with  water,  taking  care  not  to  allow  any  to  escape  into  the 
air.  The  jars  will  be  seen  to  be  filled  with  the  gas  by  its 
bright  greenish-yellow  color. 

30.  Drop  a  piece  of  blue  litmus  paper  into  one  of  the 
jars,  when  it  will  be  perfectly  bleached.  Close  the  jar 
again  with  the  glass  plate  to  prevent  the  escape  of  the 
irritating  chlorine. 

31.  Immerse  a  burning  taper  in  a  jar  of  chlorine.  The 
hydrogen  in  the  wax  combines  with  the  chlorine  and  burns 


1  The  specific  gravity  of  chlorine  is  2.47. 
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with  a  red  flame,  giving  off  fumes  of  hydrochloric  acid 
mingled  with  fine  particles  of  carbon. 

32.  Transfer  a  little  of  the  gas,  under  water,  from  one 
jar  to  another,  so  that  some  water  may  enter  the  first  jar. 
Close  this  firmly  with  the  palm  of  the  hand,  remove  it 
from  the  water,  and  shake  it  violently,  when  the  water 
will  dissolve  about  twice  its  volume  of  chlorine'.  The 
suction  upon  the  hand  indicates  this  absorption  of  the 
gas;  again  invert  the  cylinder  under  water,  and  remove 
the  hand,  when  twice  as  much  water  should  enter.  Test 
the  solution  with  litmus  paper  and  with  nitrate  of  silver. 

33.  Mix  equal  volumes  of  hydrogen  and  chlorine  over 
water,  place  the  jar  upon  the  table  and  apply  a  lighted 
taper,  when  the  gases  will  combine  with  explosion,  forming 
hydrochloric  acid.1 

34.  Wet  a  piece  of  paper  with  solution  of  ammonia,  and 
dip  it  into  ajar  of  chlorine.  Thick  white  clouds  of  hydro- 
chlorate  of  ammonia  are  produced;  the  chlorine  seizing 
the  hydrogen  of  the  ammonia  to  form  hydrochloric  acid 
(which  combines  with  another  portion  of  ammonia),  whilst 
the  nitrogen  is  liberated.  If  the  ammonia  be  very  strong, 
a  pale  flash  of  flame  attends  the  decomposition. 


SECTION  VI. 

Preparation  of  Carbonic  Oxide.2 

35.  Carbonic  oxide  is  prepared  by  the  action  of  strong 
sulphuric  acid  on  oxalic  acid.  When  a  mixture  of  the 
two  acids  is  warmed,  the  oxalic  acid  is  resolved  into  car¬ 
bonic  acid,  carbonic  oxide,  and  water,  which  latter  unites 
with  the  sulphuric  acid. 

The  carbonic  oxide  is  purified  from  the  carbonic  acid  by 
passing  it  through  a  solution  of  potash  or  milk  of  lime. 

36.  Adapt  a  cork  to  a  wide-mouthed  bottle  capable  of 
holding  half  a  pint  of  water,  and  fit  to  it  two  tubes,  one 
of  which,  a  (Fig.  10),  should  be  about  half  an  inch  in 
diameter,  straight,  and  sufficiently  long  to  reach  nearly  to 

1  Direct  sunlight  would  also  cause  the  explosion  of  the  mixture. 

2  The  specific  gravit}'  of  carbonic  oxide  is  .967. 
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the  bottom  ;  the  other,  b,  should  only  just  pierce  through 
the  cork,  and  should  be  bent  so  as  to  deliver  the  gas,  as 
shown  in  the  figure :  the  diameter  of  this  tube  need  not 
be  more  than  about  ^  of  an  inch. 

The  flask  is  fitted  with  a  cork,  which  should  be  bored 
to  allow  the  bent  tube  c  to  pass  through  it ;  and  care  must 
be  taken  that  this  tube  is  sufficiently  small  to  slide  easily 

Fig.  10. 


down  the  tube  a,  and  long  enough  to  reach  to  the  bottom 
of  the  bottle,  into  which  enough  water  is  poured  to  cover 
the  bottom  and  the  end  of  the  tube  a. 

37.  Charge  the  flask  with  180  grains  of  crystallized 
oxalic  acid  and  two  fluid  ounces  of  strong  sulphuric  acid. 
On  applying  a  gentle  heat,  the  gas  is  given  off,  the  first 
portions  of  which  must  be  rejected  as  impure,  and  then 
two  or  three  jarfuls  may  be  collected  over  the  pneumatic 
trough.  The  gas  thus  obtained  is  a  mixture  of  equal 
volumes  of  carbonic  acid  and  carbonic  oxide. 

38.  Having  collected  two  or  three  jarfuls  of  the  mixed 
gases  for  comparison,  withdraw  the  tube  c  for  a  moment, 
and  introduce  two  ounces  of  a  moderately  strong  solution 
of  potash,  through  the  tube  a;  replace  the  tube  c,  and 
proceed  to  purify  the  gas  from  carbonic  acid,  bv  passing  it 
through  the  alkaline  solution  in  the  bottle.  Pure  carbonic 
oxide  may  then  be  collected. 

39.  Agitate  a  little  lime-water  with  a  jarful  of  the  un¬ 
purified  gas;  the  presence  of  carbonic  acid  is  shown  by 
the  formation  of  carbonate  of  lime. 

40.  Repeat  the  experiment  with  a  jarful  of  the  purified 
gas.  No  precipitate  ought  now  to  appear. 
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41.  Apply  a  lighted  taper  to  a  jarful  of  the  impure 
gas,  and  observe  the  characteristic  pale-blue  flame  with 
which  the  carbonic  oxide  burns. 

42.  I)o  the  same  with  a  jar  of  the  pure  gas :  the  flame 
is  brighter  than  when  carbonic  acid  was  present. 

43.  Pour  a  little  lime-water  into  the  jar  used  in  the  last 
experiment  immediately  after  the  combustion  of  the  gas. 
The  white  precipitate  which  now  appears,  and  which  was 
not  formed  when  the  same  gas  was  tested  previous  to  the 
combustion,  shows  the  result  of  that  process  to  have  been 
the  formation  of  carbonic  acid. 


SECTION  VII. 


Preparation  of  Oxygen. 


44.  Weigh  100  grains  of  chlorate  of  potash  in  powder, 
mix  it  with  20  grains  of  well-dried  black  oxide  of  man¬ 
ganese,  and  place  the  mixture  in  a  plain  retort;  adjust 
the  retort  so  as  to  deliver  the  gas  under  the  shelf  of  the 
pneumatic  trough  (Fig.  1 1),  and  apply  the  heat  of  the 
lamp. 


Fig.  11. 


45.  The  chlorate  of  potash  is  thus  decomposed,  and 
gradually  gives  off  the  whole  of  its  oxygen,  which  passes 

1  The  specific  gravity  of  oxygen  is  1.1057,  100  cubic  inches  weigh¬ 
ing  34.20  grains. 
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out  through  the  tube,  while  chloride  of  potassium  remains 
in  the  flask,  together  with  the  oxide  of  manganese,  which 
is  not  decomposed  during  the  process.1 

The  first  portions  of  the  gas  should  be  rejected  as  im¬ 
pure,  being  mixed  with  the  common  air  contained  in  the 
retort. 

46.  The  jars  used  for  the  following  experiments  should 
be  open  both  at  the  top  and  bottom,  the  edges  of  both 
being  ground  smooth,  so  as  to  be  closed 
air-tight  with  a  glass  plate  b  (Fig.  12). 

When  filled  with  gas  they  are  removed 
from  the  trough  by  sliding  under  them 
plates  or  saucers,  which  will  retain 
enough  water  to  prevent  the  escape  of 
gas.  Stoppered  jars  arc  more  conve¬ 
nient  than  those  closed  with  glass 
plates.2 

47.  Fill  a  jar  with  the  gas,  and  in¬ 
troduce  a  glowing  taper;  it  will  in¬ 
stantly  burst  into  flame,  and  burn  with 
great  brilliancy,  until  most  of  the  oxygen  is  exhausted  by 
combining  with  the  carbon  and  hydrogen  of  the  wax. 

48.  Introduce  into  another  jar  of  the  gas  a  small  piece 
of  ignited  charcoal,  attached  to  the  end  of  a  wire  thrust 
through  the  cork  in  the  neck  of  the  deflagrating-collar 
(B,  Fig.  13).  It  bursts  into  vivid  combustion,  combining 
with  the  oxygen,  and  forming  carbonic  acid,  the  presence 
of  which  may  be  proved  by  agitating  a  little  lime-water 
in  the  jar  (16). 

49.  Repeat  the  experiment  with  a  small  coil  of  thin  iron 
wire,  to  which  a  little  charcoal  or  amadou  should  be  at¬ 
tached  and  ignited,  for  the  purpose  of  heating  the  iron  suf¬ 
ficiently  to  cause  it  to  burn.  A  watch-spring  (A,  Fig.  13), 
deprived  of  elasticity  by  being  heated  in  a  flame,  then 
made  into  a  coil  and  filed  very  bright  and  thin  at  one  end, 
which  is  warmed  and  dipped  into  flowers  of  sulphur,  will 

1  The  oxide  of  manganese  is  here  used,  because  it  is  found  that, 
when  thus  mixed,  chlorate  of  potash  gives  off  its  oxygen  with  much 
greater  facility  and  at  a  lower  temperature  than  when  heated  alone. 

2  Stoppered  bottles  which  have  been  cracked  at  the  bottom  are  con¬ 
vertible  into  gas-jars  by  leading  the  crack  round  the  bottle  with  a  red 
hot  iron. 


Fig.  12. 
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burn  very  brilliantly  in  the  jar  of  oxygen  (C)  if  the  sul¬ 
phur  be  first  kindled.  The  iron  combines  with  the  oxygen, 
forming  the  black  oxide,  fused  globules  of  which  drop  to 


Fig.  13. 


Fig.  14. 


the  bottom,  and  should  be  received  in  water,  as  they  are  so 
intensely  hot  as  to  fuse  into  the  glaze  of  a  plate  if  allowed 
to  fall  upon  it. 

50.  Place  a  fragment  of  sulphur  in  a  deflagrating  spoon 
(Fig.  14),  set  it  on  fire  by  holding  it  over  a  lamp,  and  in¬ 
troduce  it  into  a  jar  of  the  gas ;  the  sulphur  burns  with  a 
brilliant  blue  flame,  combining  with  the  oxygen,  and  form¬ 
ing  sulphurous  acid. 

51.  Repeat  the  experiment  with  a  very  small  piece  of 
phosphorus,1  previously  dried  by  careful  pressure  (without 
friction)  in  filter-paper,  and  kindled  by  touching  it  with  a 
hot  wire.  The  flame  is  dazzling,  and  emits  white  clouds 
of  phosphoric  acid.  If  the  piece  of  phosphorus  be  too 
large  it  will  crack  the  jar. 

52.  Mix  together'  two  volumes  of  hydrogen  and  one  of 
oxygen,  and  with  the  mixture  fill  a  small  jar  or  tube, 
which  for  this  experiment  should  be  made  of  thick  glass. 
On  applying  a  light,  the  gases  combine  with  a  loud  explo¬ 
sion,  forming  water. 


1  Phosphorus  must  be  cut  under  water,  and  very  carefully  handled, 
lest  it  should  take  fire. 
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SECTION  VIII. 

Preparation  of  Gases  which  cannot  be  Collected  over  Water. 

53.  Although  in  the  preparation  of  many  of  the  common 
gases  it  is  most  convenient  to  collect  them  over  water,  still 
there  are  many  cases  in  which  this  method  is  inapplicable, 
as  when  the  gas  is  to  any  considerable  extent  soluble  in 
water.  It  is  usual  in  such  cases,  especially  when  great 
purity  is  necessary,  to  collect  them  in  tubes  or  jars  over 
mercury,  which  is  not  acted  upon  by  the  majority  of  the 
gases.  For  common  purposes,  however,  some  of  them  may 
be  collected  by  the  displacement  of  common  air  in  dry 
bottles,  and  the  more  the  gas  differs  in  density  from  at¬ 
mospheric  air,  the  more  is  this  method  applicable. 

Hydrochloric  acid  gas  and  ammonia  may  be  prepared 
to  illustrate  the  process. 

Preparation  of  Hydrochloric  Acid  Gas} 

54.  This  gas  is  easily  obtained  by  the  action  of  sulphuric 
acid  on  common  salt. 

To  the  neck  of  a  dry  Florence  flask,  a  bent  tube  of  the 
form  represented  in  Fig.  15,  is  adapted  by  means  of  a  per¬ 
forated  cork ;  and  the  flask 
is  charged  by  introducing 
300  grains  of  dry  chloride 
of  sodium  and  adding  to  it 
six  fluid  drachms  of  strong 
sulphuric  acid.  Immediate 
effervescence  takes  place,  and 
the  bent  tube  is  passed  down, 
to  the  bottom  of  a  dry  bottle 
of  about  a  pint  capacity, 
_ _  which  should  be  furnished 

Preparation  of  Hydrochloric  Acid  Gas.  ™th  *  glased  Stopper  Or 

glass  plate;  while  the  bottle 
is  being  filled,  the  mouth  may  be  loosely  closed  with  a 
piece  of  card  or  paper.2 

1  The  specific  gravity  of  hydrochloric  acid  gas  is  1.247,  100  cubic 
inches  weighing  39.64  grains. 

2  It'  common  salt  be  melted  in  an  earthen  crucible  and  poured  out 
upon  a  dry  stone,  it  will  evolve  a  very  steady  supply  of  hydrochloric 
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55.  Observe  the  dense  fumes  which  are  formed  wherever 
the  gas  mixes  with  the  air,  especially  if  the  atmosphere  is 
damp,  owing  to  the  combination  of  the  gas  with  the 
aqueous  vapor.  The  bottle  may  be  considered  full  when 
the  gas  has  been  flowing  over  from  the  mouth  of  the  bottle 
for  two  or  three  minutes ;  the  tube  should  then  be  slowly 
withdrawn,  and  the  bottle  tightly  closed  with  the  stopper 
or  plate.  Three  or  four  bottles  may  be  similarly  filled 
with  the  gas,  a  gentle  heat  being  applied  when  the  evolu¬ 
tion  of  gas  slackens. 

56.  The  action  of  strong  sulphuric  acid  upon  chloride  of 
sodium,  consists  in  an  exchange  of  the  hydrogen  in  the 
former  for  the  sodium  in  the  latter,  producing  sulphate  of 
soda,  which  remains  in  the  flask,  and  hydrochloric  acid 
gas. 

57.  Ascertain  the  action  of  the  gas  on  a  piece  of  blue 
litmus-paper. 

58.  Remove  the  stopper  from  one  of  the  bottles,  in¬ 
stantly  close  it  again  with  a  dry  glass  plate  (a  precaution 
which  is  on  no  account  to  be  omitted,  as  the  stopper  might 
in  that  case  become  immovably  fixed),  and  plunge  it  with 
the  mouth  downwards  into  the  water  of  the  pneumatic 
trough.  If  the  bottle  has  been  well  filled,  the  water  will, 
when  the  glass  plate  is  removed,  quickly  rise  and  nearly 
fill  it,  while  the  unabsorbed  residue  shows  the  quantity  of 
common  air  left  in  the  bottle.1 

This  experiment  must  not  be  made  without  first  remov¬ 
ing  the  stopper,  and  substituting  the  glass  plate ;  if  it  is 
attempted  to  take  out  the  stopper  while  the  bottle  is  under 
water,  there  is  great  danger  of  its  becoming  so  firmly 
fixed,  as  to  be  almost  incapable  of  removal,  owing  to  the 
absorption  of  the  gas  by  the  water,  and  the  formation  of  a 
partial  vacuum. 

59.  Test  a  little  of  the  acid  solution  obtained  in  the  last 
experiment,  in  a  test-tube,  with  litmus-paper,  and  after¬ 
wards  with  a  few  drops  of  solution  of  nitrate  of  silver. 


acid  gas  when  heated  with  sulphuric  acid.  Lumps  of  sal-ammoniac 
(hydrochlorate  of  ammonia)  may  also  be  used  with  advantage. 

1  Water  at  common  temperatures  is  capable  of  dissolving  no  less 
than  480  times  its  own  volume  of  hydrochloric  acid.  The  liquid  hy¬ 
drochloric  or  muriatic  acid  of  commerce  is  a  solution  of  the  gas  in 
water. 
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Close  the  tube  with  the  thumb  and  shake  it  violently. 
Let  the  precipitate  (chloride  of  silver)  settle,  pour  away 
the  liquid,  and  treat  the  precipitate  with  nitric  acid,  which 
will  not  dissolve  it.  Pour  off  the  nitric  acid,  and  shake 
the  precipitate  with  a  little  ammonia,  which  will  dissolve 
it  at  once. 

60.  Reserve  a  bottle  of  the  gas  for  an  experiment  (66) 
with  ammonia. 


SECTION  IX. 

Preparation  of  Ammonia  Gas.1 

61.  This  gas  may  be  collected  in  a  similar  manner  to 
the  last;  but  as  it  is  specifically  lighter  than  common  air, 
the  bottles  in  which  it  is  collected 
must  be  kept,  while  filling,  with  the 
mouth  downwards,  the  delivering 
tube  passing  upwards  to  the  top  (Fig. 
16).  The  bottles  must  be  perfectly 
dry.  They  may  be  supported  upon 
a  perforated  wooden  block  or  tin 
plate,  placed  upon  the  ring. 

62.  Mix  300  grains  of  powdered 
quicklime  with  300  grains  of  chloride 
of  ammonium  in  a  mortar,  transfer 
the  mixture  to  the  flask,  and  apply  a 
very  moderate  heat.  Chloride  of  cal¬ 
cium,  together  with  the  excess  of  lime, 
will  be  left  in  the  flask,  whilst  am¬ 
monia  and  water  are  evolved. 

To  ascertain  when  the  bottle  is  filled  with  gas,  hold  a 
piece  of  moistened  turmeric  or  red  litmus-paper  near  its 
mouth ;  a  strong  alkaline  reaction  will  be  perceived. 
When  this  is  the  case,  slide  a  greased  glass  plate  under 
the  mouth  of  the  bottle  and  slowly  withdraw  it,  replacing 
it  immediately  by  another.  The  closed  bottle  should  be 
set  aside  with  its  mouth  downwards.  When  three  or  four 

1  The  specific  gravity  of  ammonia  gas  is  0.589,  100  cubic  inches 
weighing  18.288  grains. 


Fig.  1G. 
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bottles  have  been  filled,  proceed  with  the  following  experi¬ 
ments  : 

63.  Observe  the  effect  of  the  gas  on  a  lighted  taper 
slowly  thrust  up  into  the  inverted  bottle  :  it  extinguishes 
the  flame,  and  at  the  same  time  shows  a  slight  tendency  to 
burn  with  a  pale  green  flame. 

64.  Place  one  of  the  bottles  with  its  mouth  downwards 
under  water,  remove  the  glass  plate  and  observe  the  rapid 
absorption.  That  which  remains  unabsorbed  is  atmos¬ 
pheric  air.1 

65.  Test  the  liquid  obtained  in  the  last  experiment 
(which  is  a  weak  solution  of  ammonia)  with  turmeric  and 
reddened  litmus-paper;  the  first  is  turned  brown,  the  latter 
has  the  blue  color  restored. 

66.  Invert  the  reserved  bottle  of  hydrochloric  acid  (60) 
over  the  bottle  of  ammonia  (Fig. 

17),  and  cautiously  remove  the 
glass  plates  so  as  to  allow  the 
gases  to  mix.  Dense  white  fumes, 
consisting  of  hydrochlorate  of 
ammonia  or  chloride  of  ammo¬ 
nium,  are  immediately  produced, 
which  in  a  short  time  collect  in 
flakes,  and  fall  like  snow  on  the 
sides  and  bottom  of  the  vessels. 

In  this  combination  of  the  hydro¬ 
chloric  acid  with  the  ammonia, 
considerable  heat  is  evolved.  Close  the  bottles  again  with 
glass  plates,  place  them  upon  the  table  and  test  the  gas 
left  in  each  with  blue  and  red  litmus-paper,  to  ascertain  if 
either  of  the  gases  was  employed  in  excess. 

1  Water  at  common  temperatures  is  capable  of  absorbing  nearly  700 
times  its  volume  of  ammonia  gas. 


Fig.  17. 
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CHAPTER  III. 

DISTILLATION. 

SECTION  I. 

Distillation  of  Water. 

G7.  Adapt  a  cork  to  the  neck  of  a  quilled  receiver,  and 
bore  a  hole  through  it  to  fit  the  neck  of  the  retort,  which 
should  pass  through  it  for  about  two  inches.  When  this 
is  done,  the  apparatus  may  be  fitted  up  as  shown  in  the 
figure  (Fig.  18).  The  funnel  which  supplies  water  for 


Fig.  18. 


cooling  the  neck  of  the  retort,  has  its  throat  partially 
obstructed  by  a  plug  ‘of  tow,  so  that  the  water  may  flow 
only  drop  by  drop ;  the  neck  of  the  retort  is  covered  by  a 
slip  of  filter-paper,  cut  of  such  a  width  as  almost  com¬ 
pletely  to  encircle  the  neck,  and  tenderly  laid  lengthwise 
on  after  being  wetted;  between  the  lower  end  of  the  paper 
and  the  quill  receiver  a  thin  fillet  of  wet  tow  is  bound 
twice  round  the  glass,  and  the  ends  twisted  into  a  tail  to 
carry  off  the  superfluous  water,  which  drops  into  a  basin 
placed  underneath  for  its  reception.  The  quill  of  the 
receiver  passes  into  a  small  flask  or  bottle,  which  is  kept 
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immersed  in  'water  during  the  process,  in  order  to  keep  it 
cool. 

68.  When  the  apparatus  is  thus  arranged,  the  retort 
must  be  cautiously  charged  with  common  Avater  till  nearly 
half  full,  care  being  taken  that  none  of  it  gets  into  the 
neck,  as  it  would  run  down  into  the  receiver  and  contami¬ 
nate  the  distilled  water,  which  Avould  otherwise  be  pure. 
The  upper  part  of  the  body  of  the  retort  being  then  co\r- 
ered  with  a  conical  cap  of  stiff  brown  paper  to  prevent  loss 
of  heat,  by  currents  of  air  and  radiation,  the  lamp  maybe 
applied,  care  being  taken  that  the  ebullition  does  not  go  on 
too  violently,  lest  any  of  the  impure  water  should  splash 
or  boil  over  into  the  neck  of  the  retort.  The  first  ounce 
of  Avater  that  comes  over  should  be  rejected  as  impure, 
after  which  tAvo  or  three  ounces  may  be  distilled  for  exam¬ 
ination.1 

69.  While  the  distillation  is  going  on,  another  portion 
of  the  Avater  operated  on  may  be  tested,  with  the  Anew  of 
discovering  some  of  the  impurities  present  in  it.  Fill  four 
test-tubes2  about  one-third  full 
of  the  undistilled  water,  and  add 
to  them  respectively  a  few  drops 
of  the  following  reagents. 

(a.)  To  the  first  add  a  solution 
of  chloride  of  barium;  a  white 
precipitate,  insoluble  in  dilute 
hydrochloric  acid,3  indicates  the 
presence  of  sulphates,  most  com¬ 
monly  sulphate  of  lime. 

(b.)  To  another  portion  add  a 
solution  of  nitrate  of  silver.  If  any  chloride  is  present 
(usually  chloride  of  sodium),  a  Avhite  curdy  precipitate  of 
chloride  of  silver  Avill  be  produced,  insoluble  in  nitric  acid, 

1  A  retort  must  never  be  heated  before  the  liquid  is  introduced, 
and  the  flame  must  be  so  regulated  during  the  distillation,  that  the 
sides  of  the  retort  above  the  level  of  the  liquid  may  not  be  too  highly 
heated. 

2  The  tests  are  of  course  more  delicate  when  applied  to  larger  quan¬ 
tities  of  the  water,  such  as  a  wine-glass  or  tumblerful 

3  In  testing  the  solubility  of  a  precipitate  in  any  liquid,  pour  oft'  a 
small  portion  into  a  separate  tube  for  the  experiment,  reserving  the 
rest  for  comparison. 
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but  readily  soluble  in  ammonia.  By  exposure  to  the  light 
this  precipitate  gradually  becomes  purple,  especially  when 
the  water  contains  organic  matter. 

(c.)  To  the  third  tube  add  a  little  lime-water;  a  white 
precipitate,  soluble  in  hydrochloric  acid,  shows  that  car¬ 
bonic  acid  is  present.1 

(d.)  To  the  remaining  tube  oxalate  of  ammonia  may  be 
added,  which  will  give  a  white  precipitate  if  any  lime  is 
present. 

70.  Test  the  distilled  water  in  the  same  way ;  if  pure  it 
will  of  course  furnish  no  precipitate  with  any  of  the  re¬ 
agents.2 

71.  Evaporate  a  few  drops  both  of  the  distilled  and  un¬ 
distilled  water  on  platinum  foil  or  a  clean  slip  of  glass :  a 
considerable  residue  will  probably  be  left  by  the  latter,  but 
no  trace  of  solid  matter  ought  to  be  observable  where  the 
distilled  water  was  evaporated. 

72.  During  ebullition,  the  water  in  the  retort  usually 
becomes  turbid,  owing  to  the  formation  of  a  white  insoluble 
powder,  which  may  be  separated  by  filtration  when- the  dis¬ 
tillation  is  over. 


Fig.  20. 


Fig.  21 


To  prepare  a  filter,  take  a  circular  piece  of  white  filter¬ 
ing  or  blotting  paper,  and  fold  it  neatly,  so  as  to  form  a 

1  This  tost  would  only  detect  carbonic  acid  if  present  in  consider¬ 
able  quantity:  its  failure  must  not  be  assumed  to  indicate  the  entire 
absence  of  carbonic  acid. 

2  In  order  to  prove  the  cleanliness  of  the  tube,  it  is  advisable  to  pour 
a  few  drops  of  the  reagent  into  it,  and  then  to  add  the  water  to  be 
tested. 
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cone  when  opened  out  (Fig.  20).  Moisten  the  paper  placed 
in  a  funnel  with  distilled  water,  and  then  carefully  pour  in 
the  liquid  to  be  filtered  (Fig.  21). 

When  the  liquid  has  passed  through,  the  filter  and  fun¬ 
nel  are  placed  over  another  test-glass ;  the  clear  solution 
being  reserved  for  examination  (75). 

73.  A  large  proportion  of  the  deposit  will  be  found  upon 
the  sides  of  the  retort  ;  pour  into  this  two  drachms  of  dilute 
hydrochloric  acid,  when  the  deposit  will  dissolve  with  effer¬ 
vescence,  indicating  that  it  is  a  carbonate  (probably  of  lime). 
Rinse  the  acid  round  the  retort  and  pour  it  upon  the  filter 
to  dissolve  the  rest  of  the  deposit. 

74.  Add  to  a  little  of  the  solution  thus  obtained  am¬ 
monia  in  sli  ght  excess,1  and  a  little  oxalate  of  ammonia: 
a  white  precipitate  shows  the  presence  of  lime.  The 
powder  is  thus  proved  to  contain  carbonate  of  lime.  This 
carbonate  of  lime  had  been  held  in  solution  by  the  exceas 
of  carbonic  acid  contained  in  the  water;  when  the  gas  is 
expelled  during  ebullition,  the  carbonate  is  precipitated. 

75.  Test  the  solution  filtered  from  the  carbonate  of  lime 
in  (72)  with  chloride  of  barium,  nitrate  of  silver,  lime-water, 
and  oxalate  of  ammonia;  and  compare  the  results  with 
those  obtained  in  (69),  when  the  water  was  examined  in  its 
natural  state.  As  most  of  the  lime  has  been  separated  as 
carbonate,  we  may  expect  to  find  less  of  it  in  solution  than 
before,  but  more  of  the  sulphates  and  chlorides,  since  they 
still  remain  dissolved  in  a  more  concentrated  form. 


SECTION  II. 

Distillation  of  Hydrochloric  Acid . 

76.  Fit  up  the  apparatus  as  in  the  ordinary  process  of 
distilling  water  (67),  taking  care  that  the  cork  is  perfectly 
air-tight;  then  remove  the  retort,  and  introduce  through 
the  tubulure  1000  grains2  of  dry  chloride,  of  sodium  in 


1  To  judge  if  the  ammonia  is  in  excess,  close  the  mouth  of  the 
tube  with  the  thumb,  and  shake  it.  The  excess  of  ammonia  will  be 
perceived  by  its  odor. 

2  In  this  and  many  other  of  the  experiments,  small  quantities  are 
mentioned  to  suit  the  convenience  of  my  class  of  Practical  Chem- 
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coai’se  powder,  taking  care  that  none  of  the  particles  fall 
into  the  neck  of  the  retort :  then  adjust  the  apparatus  as 
before.  Measure  into  the  small  flask  or  bottle  which  is  to 
receive  the  distilled  acid,  12  fluid  drachms  of  water,  and 
mark  with  a  file  the  height  at  which  it  stands;  and  having 
emptied  it,  measure  into  it  seven  drachms  of  distilled 
water,  which  will  be  increased  to  12  drachms  by  the  hydro¬ 
chloric  acid  which  distils  over.  During  the  distillation 
care  must  be  taken  that  the  quill  of  the  receiver  dips  just 
under  the  surface  of  this  water,  which  will  assist  in  con¬ 
densing  the  acid  fumes,  some  of  which  might  otherwise 
escape ;  but  the  tube  need  not  pass  to  the  bottom  of  the 
water,  because  the  solution  of  hydrochloric  acid  is  the 
heavier  of  the  two. 

77.  Into  a  small  evaporating  basin  pour  seven  drachms 
of  water,  and  add  gradually  to  it  six  drachms  of  strong 
sulphuric  acid,  stirring  the  mixture  with  a  glass  rod. 
When  nearly  cool,  this  dilute  acid  may  be  poured  care¬ 
fully  into  the  retort  through  a  small  funnel,  avoiding  any 
splashing  or  soiling  of  the  neck.  A  gentle  heat  may  then 
be  applied,  which  must  be  regulated  according  to  the 
rapidity  with  which  the  acid  distils  over,  great  care  being 
taken  that  the  mixture  does  not  boil  over  into  the  neck  of 
the  retort  (56). 

The  distillation  may  be  continued  until  the  liquid  in  the 
receiving-bottle  has  increased  to  twelve  drachms  of  acid, 
which  may  be  known  by  the  mark  previously  made. 

The  acid  in  the  receiver  may  now  be  examined  as  to  its 
purity.  Pour  a  little  into  a  test-tube,  dilute  it  with  about 
three  times  its  bulk  of  water,  and  add  a  few  drops  of  a 
solution  of  chloride  of  barium;  if  a  white  precipitate 
appears  which  is  insoluble  in  the  acid,  it  shows  the  pres¬ 
ence  of  sulphuric  acid  as  an  impurity.1 

78.  Evaporate  a  few  drops  of  the  acid  on  platinum-foil 

istry,  the  lessons  being  only  two  hours  long.  When  the  products  of 
the  experiments  are  wanted  for  use,  much  iarger  quantities  must  fre¬ 
quently  be  employed. 

1  Repeat  the  experiment  with  the  undiluted  hydrochloric  acid.  A 
crystalline  precipitate  will  be  formed  which  might  be  supposed  to  in¬ 
dicate  sulphuric  acid,  but  it  will  be  dissolved  on  shaking  with  water, 
for  it  consists  of  chloride  of  barium,  which  is  insoluble  in  strong 
hydrochloric  acid. 
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or  a  clean  slip  of  glass;  no  trace  ought  to  remain.  Any 
solid  residue  shows  the  presence  of  some  saline  impurity, 
caused  probably  by  a  little  of  the  salt  employed  having 
got  into  the  neck  of  the  retort,  and  been  washed  down  into 
the  receiver. 


SECTION  III. 

Distillation  of  Ammonia. 

79.  Prepare  the  apparatus  as  in  the  distillation  of  water 
(67). 

Introduce  into  the  retort,  through  the  tubulure,  450 
grains  of  quick-lime  in  powder,  and  530  grains  of  chloride 
of  ammonium,  add  five  ounces  of  distilled  water,  and  shake 
the  retort  to  prevent  the  lime  from  caking  at  the  bottom. 
Measure  into  the  receiving-flask  or  bottle  fifteen  drachms 
of  water,  and  mark  with  a  file  the  height  at  which  it 
stands;  empty  it,  and  pour  in  two  drachms  of  distilled 
water  for  the  quill  of  the  receiver  to  dip  into  during  the 
distillation. 

The  distillation  may  now  be  commenced,  carefully  regu¬ 
lating  the  heat,  and  continuing  it  until  the  distilled  liquid 
reaches  up  to  the  file-mark  in  the  receiver,  when  fifteen 
drachms  will  have  been  obtained. 

80.  Pour  a  little  of  the  ammonia  thus  prepared  into  a 
test-tube,  and  add  to  it  a  few  drops  of  chloride  of  barium : 
if  a  precipitate  appears,  it  is  owing  to  the  presence  either 
of  carbonic  or  sulphuric  acid.  To  distinguish  between 
them,  add  dilute  hydrochloric  acid  in  slight  excess;  if  the 
precipitate  thereupon  dissolves,  it  is  due  to  carbonic  acid  ; 
if  not,  to  sulphuric. 

81.  Test  another  portion  of  the  ammonia  with  a  little 
oxalate  of  ammonia;  if  a  white  precipitate  is  formed,  it  is 
owing  to  the  presence  of  lime  as  an  impurity. 

82.  Add  to  a  little  of  the  distilled  liquid  a  slight  excess 
of  dilute  nitric  acid1  in  a  test-tube,  and  add  a  few  drops  of 
a  solution  of  nitrate  of  silver  ;  a  white  precipitate  indicates 
the  presence  of  a  chloride.  If  a  further  portion  of  the 


Enough  to  destroy  the  smell  of  ammonia. 
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ammonia  be  added,  so  as  to  render  the  liquid  alkaline,  the 
preci pi tate  red i ssol  ves . 

83.  If  no  precipitate  occur  with  any  of  these  tests,  evap¬ 
orate  a  few  drops  of  the  ammonia  on  a  slip  of  glass  or  pla¬ 
tinum-foil,  and  observe  whether  any  trace  of  saline  im¬ 
purity  is  left. 


SECTION  IV. 

Distillation  of  Nitric  Acid. 

84.  Fit  up  the  apparatus  as  in  the  distillation  of  water 
(67). 1  Introduce  into  the  retort  1000  grains  of  nitrate  of 
potash  ;  pour  upon  it  ten  drachms  of  strong  sulphuric  acid, 
previously  diluted  with  an  equal  bulk  of  water  (77),  and 
apply  a  gentle  heat,  observing  the*  same  precautions  as 
were  recommended  in  the  former  cases.  Nitric  acid  will 
distil  over,  leaving  bisulphate  of  potash  in  the  retort. 

85.  While  the  distillation  is  going  on,  dissolve  a  few 
crystals  of  the  nitrate  of  potash  in  distilled  water,  for  the 
purpose  of  ascertaining  its  purity. 

(a.)  Test  a  little  of  the  solution  with  nitrate  of  silver ; 
if  any  chloride  is  present,  a  white  curdy  precipitate  ap¬ 
pears,  which  is  insoluble  in  nitric  acid,  but  readily  soluble 
in  ammonia. 

If  the  nitrate  employed  is  contaminated  with  any  chlo¬ 
ride,  the  acid  which  distils  over  is  sure  to  contain  a  little 
chlorine.2 

( b .)  To  another  portion,  add  a  solution  of  chloride  of 
barium;  if  any  sulphates  are  present,  a  white  precipitate  is 
produced,  which  is  insoluble  in  dilute  hydrochloric  acid. 

86.  Dissolve  250  grains  of  nitrate  of  potash  in  an  ounce 
of  hot  water,  in  an  evaporating  basin  a,  supported  on  the 
retort  stand  b  (Fig.  22),  and  observe  the  gradual  formation 
of  crystals  as  the  solution  cools.  Remove  some  of  these 
from  the  liquid,  and  dry  them  on  filtering-paper ;  then  re- 


1  In  preparing  this  acid  upon  a  larger  scale,  it  would  be  necessary 
to  avoid  the  use  of  cork,  which  is  acted  upon  by  the  acid  ;  the  neck 
of  the  retort  would  then  be  merely  slipped  into  that  of  the  receiver. 

2  That  which  distils  over  at  the  commencement  will  be  found  to 
contain  most  chlorine. 
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Fig.  22. 


dissolve  them  in  distilled  water,  and  test  the  solution  as 
before,  with  nitrate  of  silver  and 
chloride  of  barium.  The  precipi¬ 
tates,  if  any,  will  be  less  dense 
than  in  the  previous  examination, 
showing  that  a  partial  purification 
has  been  effected. 

87.  The  distilled  nitric  acid 
may  now  be  tested  for  impurities, 
but  before  the  test  liquids  are  ap¬ 
plied,  a  portion  should  be  diluted 
with  four  or  five  times  its  bulk  of 
distilled  water,  since  the  chloride 
of  barium  and  nitrate  of  baryta 
are  insoluble  in  strong  nitric  acid, 
and  would  consequently  cause  a 
precipitate,  even  though  no  sulphuric  acid  were  present. 
A  portion  may  then  be  tested  for  sulphates  and  chlorides 
with  chloride  of  barium  and  nitrate  of  silver. 


CHAPTER  IV. 

GLASS-WORKING. 

88.  The  most  convenient  form  of  apparatus  for  working 
glass  on  the  small  scale,  is  the  water  blowpipe,  which 


consists  of  an  upright  box, 
about  fifteen  inches  high,  of  the 
form  represented  in  Figure  23. 
It  is  usually  made  of  zinc  or 
copper,  and  is  divided  into  two 
compartments  by  the  plate  a, 
which  passes  down  to  within 
about  half  an  inch  of  the  bot¬ 
tom,  thus  leaving  a  communi¬ 
cation  open  between  the  two. 
The  lower  end  of  the  tube  b  is 
closed  by  a  valve  opening  out¬ 
wards  :  the  box  should  be 
filled  about  half  full  of  water, 


Fig.  23. 
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through  the  tube  b.  The  pressure  thus  occasioned  in  the 
compartment  c,  forces  a  portion  of  the  water  into  the  next 
division  d,  where  it  rises  to  a  higher  level  than  in  c,  and 
by  its  superior  pressure  forces  a  stream  of  air  through  the 
fine  aperture  at  the  extremity  of  the  tube  e,  as  long  as  it 
continues  to  stand  at  a  higher  level  than  in  c.  In  this  way 
a  continuous  jet  is  readily  obtained,  with  much  less  fatigue 
to  the  operator  than  with  the  mouth  blowpipe. 

89.  If  the  blowpipe  flame  be  examined,  it  will  be  found 
to  consist  of  two  distinct  parts,  which  may  be  called,  for 
the  sake  of  distinction,  the  inner  R,  and  the  outer  flame  O 
(Fig.  24). 1  The  blue  point  of  the  inner  flame  is  evidently 
surrounded  on  all  sides  by  the  burning  gas,  the  oxygen  of 


Fig.  24. 
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the  air  projected  into  the  flame  having  been  entirely  con¬ 
sumed  before  this  point  of  the  flame  is  reached,  so  that 
most  substances  containing  oxygen,  placed  in  it,  will  be 
decomposed  by  the  powerful  deoxidizing  action  of  the  car¬ 
bon  and  hydrogen  of  the  combustible  gases :  on  this  ac¬ 
count  the  inner  flame  is  usually  called  the  deoxidizing  or 
reducing  flame.  The  outer  flame,  on  the  contrary,  is  sur¬ 
rounded  on  all  sides  by  the  external  air,  so  that  here  there 
is  no  excess  of  combustible  or  deoxidizing  matter,  but 
rather  an  excess  of  atmospheric  oxygen ;  hence  an  oxidized 
substance  may  be  placed  at  its  extremity  without  danger 
of  deoxidation,  unless  such  decomposition  is  effected  by 
the  mere  heat  of  the  flame,  independent  of  its  chemical 
action ;  on  the  other  hand,  most  substances  having  an  at- 

1  Three  parts  will  really  be  observed  ;  but  the  innermost  dark  por¬ 
tion  A  is  merely  a  hollow  space  filled  with  the  comparatively  cool 
mixture  of  combustible  gas  and  air. 
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traction  for  oxygen,  placed  within  its  influence,  become 
oxidized,  and  hence  it  is  usually  called  the  oxidizing  flame. 
The  hottest  part  of  the  blowpipe  flame  is  a  very  little  in 
advance  of  the  point  of  the  inner  blue  cone  (reducing 
flame). 

90.  The  English  flint  glass,  of  which  the  tubes  and  rods 
commonly  in  use  are  made,  contains  in  its  composition  a 


Fig.  25. 


quantity  of  oxide  of  lead,  which,  when  heated  in  contact 
with  deoxidizing  matter,  is  very  easily  decomposed.  On 
this  account  it  is  necessary,  in  heating  such  glass  with  the 
blowpipe,  to  take  care  that  it  does  not  approach  the  deox¬ 
idizing  flame,  but  is  kept  at  the  extremity  of  the  oxidizing 
{order)  flame,  otherwise  a  black  stain  of  metallic  lead  will 
be  deposited  on  the  surface  of  the  glass.  Slight  stains  of 
this  description  may  generally  be  removed  by  holding  the 
glass  for  a  few  seconds  in  the  oxidizing  flame ;  this  con¬ 
verts  the  lead  again  into  oxide,  which  dissolves  in  the 
glass.  The  German  hard  glass  tubing,  which  is  free  from 
lead,  and  is  much  less  fusible  than  the  English  glass,  is  far 
preferable  for  making  tubes,  &c.,  which  will  be  required  to 
withstand  a  high  temperature.1 

1  To  distinguish  tubes  containing  lead  from  those  which  are  free 
from  it,  hold  them  so  as  to  look  along  their  axes.  The  ring  forming 
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91.  Make  a  jew  glass  stirring-rods  of  lengths  varying 
from  five  to  eight  inches  (Fig.  20).  To  do  this,  a  piece  of 


Fig.  26. 


solid  rod,  long  enough  to  make  two  stirrers,  should  be  held 
at  a  short  distance  from  the  extremity  of  the  flame,  and 
gradually  brought  towards  it;  a  rotating  motion  being 
communicated  to  it  by  means  of  the  finger  and  thumb,  so 
that  the  part  where  the  heat  is  applied  may  be  uniformly 
heated  all  round  (Fig.  25).  When  the  glass  begins  to 
soften  it  should  be  gently  pulled  with  both  hands,  until  it 
assumes  the  form  represented  in  Fig.  27,  when  it  may  be 


Fig.  27. 


removed  from  the  flame ;  and  having  been  scratched  with 
a  file  across  its  narrowest  part,  may  be  gently  broken 
asunder  (Fig.  28). 


Fig.  28. 


92.  The  sharp  edges  are  then  held  in  the  flame  until 
they  are  rounded,  so  as  to  form  a  blunt  conical  termination 
to  the  rod  a  (Fig.  26),  whilst  the  other  extremity  may  be 
simply  fused  till  it  is  round  and  uniform  b. 

93.  Make  a  small  siphon-tube.  Take  a  piece  of  narrow 
tubing1  ten  or  twelve  inches  long,  and  hold  it  diagonally 

the  circumference  of  the  lead-glass  is  always  dark,  the  other  having  a 
greenish  tinge. 

1  About  a  fourth  or  a  third  of  an  inch  in  diameter. 
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in  the  upper  part  of  the  flaring  flame  of  a  gas  or  spirit- 
lamp  (not  in  the  blowpipe  flame),  turning  it  constantly 
round,  and  by  gently  moving  it  up  and  down  in  the  flame, 
heating  two  or  three  inches  of  the  central  part  of  the  tube. 
When  the  glass  begins  to  soften,  apply  a 
gentle  pressure  with  both  hands,  so  as  to 
bend  it  slowly,  and  continue  to  do  so  until 
it  has  assumed  the  form  shown  in  Fig.  29. 

If  the  tube  be  too  strongly  heated,  or  the 
pressure  too  strongly  and  suddenly  ap¬ 
plied,  the  bend,  instead  of  being  round 
and  uniform,  will  be  abrupt  and  wrinkled, 
in  which  case  it  is  very  liable  to  crack, 
either  spontaneously,  or  when  exposed  to 
slight  variations  of  temperature.  The  ex¬ 
tremities  of  the  tube  must  now  be  rounded 
off  by  being  heated  to  redness  for  a  mo¬ 
ment  in  the  flame  of  the  blowpipe.  When  Siphon-Tube, 
the  glass  operated  on  is  at  all  thick,  or  of 
an  unequal  form,  some  care  is  necessary  in  annealing,  or 
gradually  cooling  it :  this  may  be  effected  by  removing  it 
slowly  from  the  flame,  and  then  laying  it  across  a  piece  of 
tube,  so  that  the  hot  part  does  not  touch  any  cold  substance 
and  covering  it  loosely  with  paper  to  prevent  too  rapid 
cooling  by  radiation. 

94.  Make  a  dropping-tube  (Fig.  30).  Take  a  piece  of 
narrow  tubing,  about  eight  inches  long,  and  moderately 


Fig.  29.’ 


Fig.  30. 


thick  in  the  walls.  .  Heat  it  at  about  two  inches  from  one 
end  in  the  lower  part  of  an  ordinary  flame,  so  as  not  to 
smoke  it,  rotating  it  slowly  that  it  may  be  uniformly 
heated.  When  it  has  softened  sufficiently,  draw  it  steadily 
out  to  a  narrow  neck  as  in  Fig.  31,  taking  care  to  keep  it 
perfectly  straight.  When  cool,  scratch  the  narrow  neck 
with  a  tile,  and  break  it  off.  Round  the  sharp  edges  of 
the  fracture  by  exposing  them  for  an  instant  to  the  extreme 
point  of  the  blowpipe  flame,  and  fuse  the  edges  of  the 
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wider  orifice  at  the  other  end  so  that  it  may  be  closed  air¬ 
tight  with  the  finger. 


Fig.  31. 


Dropping-Tube  in  Process  of  Manufacture.- 


95.  Seal  a  small  tube  at  one  end  (Fig.  32).  Take  about 
six  inches  of  narrow  tubing,  soften 
it  in  the  outer  blowpipe  flame,  at 
about  two  inches  from  one  end, 
and  draw  it  out  quickly  to  a  long 

thread  (Fig.  33).  Direct  the  extreme  point  of  a  sharp 

Fig.  33. 

0  - 

Sealed  Tube  in  Course  of  Manufacture. 

flame  to  a,  and  draw  it  off  so  as  to  leave  the  end  neatly 
rounded.  Anneal  it  by  withdrawing  it  slowly  from  the 
flame. 

96.  Make  a  few  test-tubes.  A  piece  of  tube  may  be 
taken  about  half  or  five-eighths  of  an  inch  in  diameter, 
and  eight  or  ten  inches  long,  which  will  serve  for  two  test- 
tubes. 

In  cutting  off  a  piece  of  wide  thin  tubing,  such  as  is 
employed  for  test-tubes,  it  is  advisable  to  carry  the  file- 
mark  round  the  tube,  which  is  then  to  be  held  in  a  cloth 
and  broken  by  a  combined  pulling  and  breaking  movement 
of  the  hands.  If  the  end  of  the  broken  tube  exhibit  a 
crack,  this  must  be  led  round  the  tube  by  applying  a  red- 
hot  iron  point  (the  end  of  a  file  heated  by  the  blowpipe 
flame  will  do)  a  little  in  advance  of  it.  A  glazier’s  dia¬ 
mond  is  very  useful  for  cutting  thin  tubes. 

The  central  portion  must  be  heated  in  the  manner  de¬ 
scribed  for  heating  glass  rod  (91),  and  gradually  drawn 
out,  the  tube  being  constantly  turned  round,  when  it  will 
assume  the  form  shown  in  Fig.  34.  The  heat  should  now 
be  applied  to  the  part  of  the  tube  marked  a,  and  the  other 
piece  gradually  drawn  out,  care  being  taken  not  to  fuse 
the  thin  thread  of  glass  which  is  formed,  and  which  con¬ 
nects  the  two  parts  of  the  tube  (Fig.  35),  until  the  base  of 
the  tube  has  become  round  and  uniform ;  when  this  is  the 


Fig.  32. 
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case,  anti  the  connecting  thread  has  become  very  thin,  the 
heat  may  be  applied  to  the  point  where  it  joins  the  tube, 


Fig. 35. 


Making  Test-Tubes. 

when  it  will  instantly  fuse  and  separate,  leaving  the  tube 
in  an  almost  finished  state.  There  will  generally  be  found 
at  the  bottom  of  the  tube,  however,  a  small  lump, 
more  or  less  distinct,  formed  by  a  portion  of  the  FlG- :!fi- 
thread  having  fused  into  it ;  to  remove  this,  again 
heat  the  round  end  red-hot  for  a  short  time,  until 
the  lump  disappears.  On  removing  the  tube  from 
the  flame,  blow  air  gently  into  it,  for  the  purpose 
of  swelling  out  the  bottom  to  its  previous  round 
form  (Fig.  36),  as  it  usually  collapses  and  flattens  while  in 
a  state  of  fusion. 

The  other  portion  of  the  tube  may  now  be  finished  in  a 
similar  way,  by  applying  the  heat  to  the  point  b,  and  draw¬ 
ing  off*  the  irregular  termination  until  the  thread  of  glass 
is  sufficiently  attenuated  to  be  removed. 

When  it  is  required  to  make  a  test-tube  of  a  piece  of 
tubing  only  long  enough  for  one,  all  that  is  necessary  is  to 


Fig.  37. 


melt  on  to  one  end  another  piece  of  waste  tubing  or  rod, 
to  serve  as  a  handle,  after  which  the  end  may  be  drawn 
off,  as  in  the  former  case. 
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To  complete  the  tube,  the  open  end  must  be  spread  out 
a  little  as  shown  in  Fig.  37,  so  as  to  form  a  kind  of  border. 
This  is  done  by  softening  the  end  in  the  blowpipe  flame, 
and  then,  by  means  of  a  thick  iron  wire,  or  the  smooth 
end  of  a  file,  introduced  and  carried  round  the  opening, 
the  edge  is  uniformly  pressed  outwards. 

97.  Blow  some  small  bulbs.  Take  a  piece  of  narrow 
glass  tube,  sealed  at  the  end  as  described  in  (95) ;  heat  the 


end  for  about  half  an  inch  as 
strongly  and  uniformly  as  possi¬ 
ble  ;  and  then,  having  removed  it 
from  the  flame,  hold  it  horizon¬ 
tally  and  blow  air  into  it  until 
the  pressure  forces  the  softened 


Fig.  38. 


glass  to  expand,  which  it  will  do 
in  the  form  of  a  round  bulb  (Fig. 
38),  if  the  heat  has  been  properly 
applied,  and  the  tube  be  kept  con¬ 
stantly  turned  round  while  in  the 
hand.  This  latter  precaution  is 


absolutely  necessary,  as  the  soft¬ 


ened  glass  would  otherwise  bend  with  its  own  weight  in 
one  direction,  thus  destroying  the  proper  form  of  the  tube.1 

98.  Make  a  funnel-tube.  Blow  a  bulb  of  considerable 
size  on  the  extremity  of  a  piece  of  strong  tube 
Fm.  39.  about  a  quarter  of  an  inch  in  diameter.  Heat 
a  spot  upon  the  bulb  immediately  opposite  to 


the  point  at  which  the  tube  enters  it,  and  blow 


suddenly  into  it  until  it  bursts ;  break  away  the 
superfluous  thin  glass  with  the  fingers,  and 
finish  otf  the  border  with  the  blowpipe  flame  and 
the  heated  end  of  a  file. 

99.  Cement  together  two  tubes  of  equal  diameter. 
The  ends  to  be  joined  must  be  cut  perfectly  level ; 
the  edges  are  brought  exactly  together,  the  tubes 
being  kept  in  the  same  straight  line,  and  the 


T,  T,p  ,  'glass  is  gradually  softened  by  rotating  the  tube 
slowly  in  the  outer  flame ;  a  gentle  pressure  may 

1  In  order  to  blow  a  large  bulb  upon  a  thin  tube,  the  glass  must  be 
allowed  to  thicken  at  the  sealed  end  by  keeping  it  for  some  time  in 
the  flame. 
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be  applied  to  perfect  the  joint,  and  a  little  care  in  moulding 

it  will  soon  render  it  perfectly  uniform ;  it  should  be  well 

annealed  by  withdrawing  it  slowly  from  the  flame.  When 

the  glass  is  thin,  the  edges  which 

are  to  be  united  may  be  spread  fig.  40. 

out  a  little,  as  shown  in  Fig.  40, 

by  means  of  a  wire  or  file,  when  - .Jlf  • 

the  joint  will  be  stronger  than  it  Tubes  united, 

would  otherwise  be. 

100.  Cement  together  two  tubes  of  unequal  diameter. 
When  it  is  required  to  join  a  narrow  tube  to  a  wider  one, 
it  is  necessary  to  draw  out  the  latter  in  the  blowpipe  flame 
until  a  portion  of  it  is  contracted  to  the  diameter  of  the 
former;  then  with  a  file  it  is  divided  at  that  point  of  equal 
diameter,  and  cemented  to  the  smaller  tube  in  the  same 
way  as  in  the  previous  case.  Sometimes,  when  the  glass 


Fig.  41. 


Tubes  united. 


is  thin,  it  is  advisable  to  widen  the  extremity  of  the  smaller 
tube,  so  as  to  overlap  the  other  (Fig.  41),  which  is  readily 
done  by  means  of  an  iron  wire. 

In  this  operation,  it  is  always  advisable  to  maintain  the 
junction  in  the  flame  for  some  little  time,  to  allow  of  the 
complete  amalgamation  of  the  two  portions  of  glass ;  and 
as  the  tendency  to  collapse  is  greater  the  longer  it  is  fused, 
it  will  generally  be  found  necessary  to  blow  it  out  slightly. 

101.  Prepare  tubes  for  a  loashing-bottle.  The  tubes  re¬ 
quired  for  this  purpose  are  of  the  form  shown  in  Fig.  42, 
the  upper  end  of  the  longer  one  being  drawn  out  so  as  to 
leave  only  a  small  aperture  (94). 

When  the  bottle  is  prepared  and  filled  with  water,  a 
small  stream  of  water  may  be  forced  through  this  tube  by 
blowing  air  down  the  shorter  one:  it  is  of  great  service  in 
washing  precipitates  on  a  filter. 

102.  Prepart  tubes  for  a  sulphuretted  hydrogen  ( hydro- 
sulphuric  acid)  apparatus.  The  form  of  apparatus  used 
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for  generating  hydrosulphuric  acid,  and  passing  it  into 
water  or  saline  solutions,  is  represented  in  Fig.  43.  The 
tubes,  d  and  /,  are  bent  in  the  naked  flame  (93),  the  ex¬ 
tremities  being  afterwards  slightly  fused  with  the  blowpipe 


Fig.  42. 


Washing-Bottle. 


Fig.  43. 


Sulphuretted  Hydrogen  Apparatus. 


in  order  to  round  off  the  sharp  edges.  The  straight  tube 
<1,  is  connected  with  the  bent  tube  /,  by  a  tube  of  vulcan¬ 
ized  india-rubber. 

103.  Seal  a  few  tubes  hermetically  at  both  ends.  This  is 
an  operation  of  very  frequent  use  in  the  laboratory,  as  it 
furnishes  the  most  convenient  and  efficient  means  of  pre¬ 
serving  small  specimens  of  many  rare  substances,  espe¬ 
cially  such  as  are  volatile ;  and  is  often  required  in  effect¬ 
ing  chemical  changes  at  elevated  temperatures  and  pres¬ 
sures. 

The  tube  is  first  sealed  at  one  end,  precisely  as  if  it  M  ere 
intended  for  a  test-tube  (96):  the  liquid  or  other 
fig.  44.  substance  for  which  it  is  designed  is  then  intro¬ 
duced,  as  soon  as  the  tube  is  quite  cold,  care  be¬ 
ing  taken  that  the  upper  part  of  the  tube  is  not 
wetted  or  soiled.  The  flame  of  the  blowpipe  is 
now  directed  to  the  portion  of  the  tube  a  little 
above  that  intended  for  the  sealed  end,  and  when 
sufficiently  soft  it  is  drawn  out  to  a  capillary 
tube,  and  allowed  to  cool :  it  may  afterwards  be 
sealed  by  fusing  the  lower  part  of  the  capil- 
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larv  tube  a  (Fig.  44),  by  momentary  contact  with  the 
flame.1 

In  this  way  seal  a  little  sulphur  in  a  tube  without  melt¬ 
ing  or  volatilizing  any  of  it,  the  sulphur  being  within  an 
inch  and  a  half  of  the  upper  end. 

104.  Seal  some  rooter  hermetically  in  a  tube.  Having 
sealed  the  tube  at  one  end,  and  drawn  it  partly  out  at  the 
other,  leaving  a  rather  wide  neck,  while  it  is  cooling  make 
a  dropping-tube  as  in  (94),  and  introduce  a  little  water 
into  the  sealed  tube  without  wetting  its  sides. 

Then  draw  out  the  capillary  neck,  and  when  cold,  seal 
it  as  before,  leaving  not  more  than  the  space  of  an  inch 
between  the  upper  end  and  the  surface  of  the  water.2 


CHAPTER  V. 

EXPERIMENTS  WITH  THE  MOUTH  BLOWPIPE. 

105.  Before  proceeding  to  any  blowpipe  experiments,  it 
is  necessary  to  acquire  the  power  of  keeping  up  a  constant 
and  unintermitting  blast  of  air  from  the  mouth,  as  without 
this  it  is  impossible  to  raise  the  heat  to  a  sufficient  degree 
of  intensity.  The  habit  is  readily  acquired,  and  when 
once  attained,  the  mouth  and  lungs  will  be  found  to  do 
their  work  almost  mechanically,  without  any  sustained 
effort  on  the  part  of  the  operator. 

The  learner  may  first  observe  that  on  closing  the  lips 
he  can  still  without  anv  difficulty  breathe  through  the 
nostrils :  let  him  now  distend  the  cheeks  with  air,  and  he 
will  find  that  he  can  breathe  through  the  nostrils  for  a 
length  of  time,  still  keeping  the  cheeks  distended.  Pie 


1  When  the  tube  is  required  to  withstand  high  pressures,  the  sealing 
of  both  ends  must  be  effected  very  slowly,  so  that  the  glass  may  re¬ 
main  as  thick  there  as  at  any  other  part  of  the  tube. 

2  When  volatile  liquids  are  sealed  in  tubes,  the  whole  of  that  por¬ 
tion  of  the  tube  which  contains  the  liquid  may  be  surrounded  with 
one  or  two  folds  of  wet  filter-paper. 

6 


66  EXPERIMENTS  WITH  THE  MOUTH  BLOWPIPE. 


y  next  introduce  the  mouth-piece  of  the  blowpipe  be¬ 
tween  his  lips,  and  having 
puffed  out  his  cheeks  with  air, 
let  him  breathe  freely  through 
the  nostrils,  at  the  same  time 
allowing  the  distended  cheeks 
to  force  a  current  of  air 
through  the  blowpipe.  The 
cheeks  thus  play  the  part  of 
an  elastic  bag,  which,  if  con¬ 
nected  with  the  blowpipe,  and 
distended  with  air,  would 
force  air  through  it  as  long  as 
the  tension  of  its  stretched 
sides  exerted  sufficient  pres¬ 
sure. 

106.  Seal  a  few  tubes  at 
one  end  for  use  in  some  of  the  following  experiments  (Fig. 
32).  The  tubing  employed  for  this  purpose  should  be 
about  a  quarter  of  an  inch  in  diameter,  and  it  may  be 
scratched  with  a  file,  and  broken  into  pieces  about  four 
inches  long,  each  of  which  will  serve  for  two  tubes.  The 
glass  of  which  it  is  made  should  not  contain  lead.  The 
sealing  should  be  effected  in  the  manner  already  described 
(95).  It  is  not  necessary  to  be  particular  about  rounding 
off  the  ends  of  these  tubes,  but  they  should  be  carefully 
annealed  by  withdrawing  them  gradually  from  the  flame. 
In  using  one  of  these  tubes  for  an  experiment,  it  should 
first  be  heated  in  the  common  flame  f  the  blowpipe  flame 
being  afterwards  applied,  if  the  former  does  not  give 
enough  heat ;  the  tube  frequently  cracks  if  the  blowpipe 
flame  be  suddenly  applied. 

These  tubes  may  be  most  conveniently  held  by  a  narrow 
strap  of  folded  paper  passed  round  the  upper  part. 

The  following  tests  are  arranged  in  alphabetical  order, 
for  convenient  reference.  The  student  is  recommended  to 
try  each  experiment  upon  a  known  substance  before  com¬ 
mencing  the  examination  of  unknown  substances.1 2 

1  If  a  gas  flame  be  employed,  the  tube  must  be  held  in  the  lower 
blue  portion,  so  as  not  to  be  smoked. 

2  The  asterisk  (*)  prefixed  to  a  test  designates  it  as  a  good  example 


Fig.  45. 
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*107.  Aluminum.  (Test  some  alum.)  A  compound 
containing  aluminum  or  alumina,  when  placed  in  a  shallow 
cavity  scooped  in  a  piece 
of  charcoal,  and  heated 
in  the  blowpipe  flame 
(Fig.  46),  will  give  a 
white  infusible  mass  of 
alumina.  On  moisten¬ 
ing  this  with  a  drop  or 
two  of  solution  of  nitrate 
of  cobalt,  and  again 
strongly  heating  it,  a  fine  blue  mass  is  obtained,  which  is  a 
compound  of  alumina  with  oxide  of  cobalt.1 

*108.  Ammonia.  (Test  some  chloride  of  ammonium .) 
Many  compounds  of  ammonium  or  ammonia,  when  heated 
in  small  quantity,  in  a  tube  sealed  at  one  end  (106),  will 
be  entirely  converted  into  vapor  and  deposited  again  as  a 
white  coating  upon  the  cooler  portion  of  the  tube.  (The 
compound  is  then  said  to  sublime  unchanged.) 

109.  (Test  some  chloride  of  ammonium.)  All  compounds 
of  ammonium  or  ammonia,  when 
mixed  with  about  an  equal  bulk  of 
carbonate  of  soda,  and  heated  in  a 
tube  sealed  at  one  end  (106),  will 
yield  vapor  of  carbonate  of  ammonia 
which  can  be  recognized  by  its  odor. 

The  mouth  of  the  tube  should  be 
slightly  inclined  downwards  (Fig.  47) 
to  permit  the  escape  of  water,  which 
would  Otherwise  run  back  and  split  Small  Tube  heated  in  Flame, 
the  tube. 

110.  Antimony.  (Test  some  sulphide  of  antimony.)  Com¬ 
pounds  containing  antimony,  when  placed  in  a  shallow 

to  be  selected  by  the  student  who  intends  only  to  acquaint  himself 
with  the  general  method  of  testing  with  the  blowpipe. 

1  This  is  not  a  perfectly  conclusive  test  for  alumina,  since  some 
phosphates  and  other  substances  exhibit  a  similar  behavior. 

In  blowpipe  tests  with  nitrate  of  cohalt,  care  must  be  taken  to  em¬ 
ploy  a  very  high  temperature.  A  moderate  heat  produces  the  blue 
anhydrous  nitrate  of  cobalt,  which  a  higher  temperature  converts  into 
black  oxide  of  cohalt,  and  this  requires  an  intense  heat  to  make  it  com¬ 
bine  with  alumina,  &c. 


Fig.  47. 


Fig.  46. 


Heating  with  Blowpipe  on  Charcoal. 
/ 
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cavity  on  charcoal,  covered  with  a  little  carbonate  of  soda, 
and  heated  before  the  blowpipe  so  that  the  point  of  the 
(inner)  reducing  flame  may  touch  the  specimen,  whilst  the 
(outer)  oxidizing  flame  sweeps  over  the  charcoal  beyond 
(Fi  g.  46),  will  yield  globules  of  metallic  antimony  which 
will  gradually  pass  off  in  vapor  if  retained  too  long  in 
the  flame.  The  surface  of  the  charcoal  around  the  oxidiz¬ 
ing  flame  becomes  coated  with  a  white  incrustation  of 
oxide  of  antimony.  If  one  of  the  globules  be  removed 
with  the  point  of  a  knife,  placed  upon  a  hard  surface,  and 
pressed  with  a  knife-blade,  it  will  be  found  to  possess  the 
brittleness  characteristic  of  metallic  antimony. 

*111.  Arsenic.  (Test  some  arsenious  acid.)  On  heat¬ 
ing  a  minute  quantity  of  arseni- 
ous  acid  in  a  small  tube  sealed  at 
one  end,  it  will  be  entirely  con¬ 
verted  into  vapor,  and  if  the  up¬ 
per  part  of  the  tube  be  warmed 
by  drawing  it  once  or  twice 
through  the  flame  before  heating 
the  arsenious  acid,  the  latter  will 
condense  slowly  upon  the  glass, 
forming  a  sublimate  of  minute 
shining  crystals,  which  appear  as 
octahedra  (Fig.  48)  when  mag¬ 
nified. 

■112.  (lest  some  arsenious  acid.)  Any  compound  con¬ 
taining  arsenic,  when  heated  on  charcoal  before  the  blow¬ 
pipe  (I  ig.  46),  will  evolve  an  odor  of  garlic  attending  the 
reoxidation  of  the  reduced  metal. 

■  113.  (Test  some  arsenious  acid.)  Any  compound  con¬ 
taining  arsenic  will  yield  a  sublimate  of  metallic  arsenic 
when  heated  in  a  tube  with  carbonate  of  soda  and  char¬ 
coal. 

Dry  a  little  powdered  carbonate  of  soda  (upon  a  strip  of 
tin  plate  or  a  piece  of  thin  glass)  at  a  moderate  heat,  and 
mix  it  with  about  one-third  of  charcoal  powder  (scraped 
from  a  piece  of  charcoal).  Add  to  the  mixture  y  very 
minute  quantity  of  the  compound  to  be  tested,  introduce 
it  into  a  small  tube  sealed  at  one  end,  cleanse  the  upper 
part  of  the  tube  with  a  roll  of  paper  (or  a  lucifer-match 


Fig.  48. 
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Arsenious  Acid. 


EXPERIMENTS  WITH  THE  MOUTH  BLOWPIPE.  69 


stick),  shake  the  mixture  a  little  to  one  side  of  the  tube 
(Fig.  49)  to  allow  the  passage  of  the  vapor,  and  apply 
heat,  first  with  the  lower  part  of  the  ordinary  flame,  and 
finally  with  the  blowpipe,  holding  the  mouth 
of  the  tube  a  little  downwards  (Fig.  47). 

A  shining  black  or  gray  crust  of  metallic 
arsenic  will  be  formed  upon  the  upper  part 
of  the  tube  (Fig.  49)  at  a.  An  odor  of 
garlic  will  probably  be  perceived  at  the 
orifice. 

Cut  off,  with  a  file,  the  portion  of  the 
tube  upon  which  the  deposit  has  formed, 
wrap  it  in  a  piece  of  paper,  break  it  into 
small  fragments,  and  heat  these  gently  in  crust  of  Arsenic, 

another  small  tube,  the  upper  part  of  which 
has  been  first  warmed.  The  oxygen  of  the  air  in  the  tube 
will  convert  the  arsenic  into  arsenious  acid,  condensing  in 
brilliant  octahedra  on  the  upper  part. 

*114.  Barium.  (Test  some  sulphate  of  baryta.)  Any 
compound  containing  barium  or  baryta,  well  moistened 
with  hydrochloric  acid,  and  intensely  heated  on  platinum 
wire  at  the  point  of  the  (inner)  reducing  flame,  will  impart 
a  bright  green  color  to  the  outer  flame. 

115.  For  this  purpose,  take  a  piece  of  thin  platinum 
Avire  Avhich  has  been  fused  into  a  glass  handle  (Fig.  50). 
Moisten  the  extremity  of  the  Avire  Avith  hydrochloric  acid, 
and  heat  it  at  the  point  of  the  (inner)  reducing  flame  till  it 
no  longer  tinges  the  outer  flame.  Again  moisten  it  with 
hydrochloric  acid,  take  upon  it  a  minute  quantity  of  the 
substance  to  be  tested,  and  expose  it  to  the  point  of  the 
inner  flame.1 

Fig.  50. 

I - - 

Straight  wire  in  glass  handle. 

The  presence  of  sodium  interferes  with  this  test,  on  ac¬ 
count  of  its  intense  yellow  flame. 


1  Hydrochloric  acid  is  used  because  the  chlorides  of  the  metals  are 
easily  vaporized  at  high  temperatures.  The  vapor  is  reduced  to  the 
metallic  state  by  the  heated  hydrogen  of  the  flame,  and  then  burns  in 
the  outer  flame  with  its  characteristic  color. 
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116.  Bismuth.  (Test  some  oxide  of  bismuth.)  Compounds 

containing  bismuth,  when  placed  in  a  shallow  cavity  on 
charcoal,  covered  with  carbonate  of  soda  and  exposed  to  the 
(inner)  reducing  blowpipe  flame  (Fig.  46),  furnish  globules 
of  metallic  bismuth,  whilst  that  part  of  the  charcoal  which 
has  been  traversed  by  the  oxidizing  flame  becomes  covered 
with  a  yellow  incrustation  of  oxide  of  bismuth.  If  one  of 
the  globules,  after  cooling,  be  placed  upon  a  hard  surface 
and  pressed  with  a  knife-blade,  it  will  first  flatten  and  then 
break  up  into  small  fragments.  / 

117.  Boracic  Acid.  (Test  some  boracic  acid.)  When 
boracic  acid,  or  a  borate,  is  mixed  with  some  fluor  spar  and 


Fig.  51. 


bisulphate  of  potash,  and  heated  upon  a  loop  of  platinum 
wire  (Fig.  51)  at  the  point  of  the  inner  flame,  fluoride  of 
boron  will  be  formed  and  will  impart  a  green  color  to  the 
outer  flame. 

Borax  does  not  respond  well  to  this  test  on  account  of 
the  yellow  flame  produced  by  the  sodium ;  but  it  may  be 
recognized  by  its  intumescence,  or  swelling  up,  when  heated 
on  a  loop  of  platinum  wire,  and  by  its  fusing  to  a  glass 
which  remains  perfectly  transparent  on  cooling. 

118.  Calcium.  (Test  some  marble ,  carbonate  of  lime.) 
Any  compound  containing  calcium  or  lime,  when  moist¬ 
ened  with  hydrochloric  acid  and  heated  upon  a  piece  of 
platinum  wire  (Fig.  50)  at  the  point  of  the  inner  flame,  will 
impart  a  red  color  to  the  outer  flame.  After  the  specimen 
has  ceased  to  color  the  flame,  it  will  regain  the  property 
when  moistened  with  hydrochloric  acid.  The  presence  of 
sodium  interferes  with  this  test  (115). 

119.  Carbon.  (Test  a  small  fragment  of  wood.)  Many 
compounds  containing  carbon  [organic  matters),  when 
heated  in  a  small  tube  sealed  at  one  end  (Fig.  47),  become 
charred  or  blackened  from  the  separation  of  carbon,  and  at 
the  same  time  evolve  vapors  which  are  frequently  inflam¬ 
mable  and  possess  peculiar  odors  from  which  the  nature  of 
the  substance  can  be  inferred. 
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Carbon  in  the  free  state  (charcoal,  for  example),  may  be 
identified  by  its  burning  away  with  a  steady  glow  when 
heated  on  a  piece  of  iron  or  platinum  plate,  the  blowpipe 
flame  being  directed  upon  the  under  surface  of  the  plate. 

120.  Carbonic  Acid.  (Test  some  carbonate  of  soda.) 
Carbonates,  mixed  with  bisulphate  of  potash,  and  gently 
heated  in  a  small  tube  sealed  at  one  end,  give  rise  to  a 
violent  effervescence  caused  by  the  escape  of  carbonic  acid 
gas. 

A  carbonate  may  also  be  known  by  its  effervescing  when 
moistened  with  hydrochloric  acid. 

121.  Chloric  Acid.  (Test  some  chlorate  of  potash.)  A 
chlorate,  when  heated  on  charcoal  (Fig.  46)  causes  defla¬ 
gration,  due  to  the  rapid  combustion  of  the  charcoal  in  the 
oxygen  furnished  by  the  chlorate. 

122.  A  chlorate,  heated  in  a  small  tube  sealed  at  one 
end  (Fig.  47),  will  evolve  oxygen,  recognized  by  its  power 
of  kindling  into  flame  a  spark  upon  the  end  of  a  match. 

123.  When  a  chlorate  is  mixed  with  bisulphate  of  pot¬ 
ash,  and  heated  in  a  tube  sealed  at  one  end  (Fig.  47),  it 
evolves  chlorine,  which  may  be  known  by  its  odor  and  its 
bleaching  test-papers. 

124.  Chlorine.  (Test  some  chloride  of  sodium.)  Chlo¬ 
rides,  mixed  with  bisulphate  of  potash,  and  heated  in  a 
small  tube  sealed  at  one  end  (Fig.  47),  give  off  pungent 
vapors  of  hydrochloric  acid,  which  fume  strongly  in  damp 
air,  and  redden  blue  litmus-paper. 

*125.  Chromium.  (Test  some  chromate  of  potash.) 
Compounds  containing  chromium,  when  fused  with  borax- 
glass  in  the  (outer)  oxidizing  flame,  give  a  yellowish-green 
transparent  glass,  which  becomes  of  a  pure  emerald  green 
color  in  the  (inner)  reducing  flame. 

126.  To  apply  this  test,  take  a  thin  platinum  wire  sealed 
into  a  glass  handle,  and  bend  the  end  into  a  small  loop, 
not  larger  than  the  transverse  section  of  the  blowpipe  flame 
(Fig.  51).  Heat  the  loop  to  redness,  and  dip  it  into  pow¬ 
dered  borax ;  heat  the  borax  in  the  blowpipe  flame  till  it 
fuses  into  a  perfectly  colorless  glass;  whilst  this  is  red-hot, 
touch  a  very  minute  particle  of  the  compound  to  be  tested 
with  it,  and  heat  the  glass,  with  the  adhering  particle,  in 
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the  oxidizing  flame.  Having  observed  its' color  when  cold, 
repeat  the  experiment  in  the  reducing  flame  (see  284). 

127.  Cobalt.  (Test  some  nitrate  of  cobalt.)  A  compound 
containing  cobalt,  when  fused  with  a  bead  of  borax  (126) 
on  platinum  wire,  gives  a  beautiful  blue  glass  in  both 
flames.  It  is  sufficient  to  moisten  the  bead  with  the  solu¬ 
tion  containing  cobalt,  and  if  this  be  weak,  the  moistening 
may  be  repeated. 

128.  Copper.  (Test  some  sulphate  of  copper.)  Copper 
compounds,  when  fused  with  carbonate  of  soda  in  a  cavity 
on  charcoal,  in  the  (inner)  reducing  blowpipe  flame  (Fig. 
46),  yield  a  red  mass  of  metallic  copper  which  may  be 
fused  (if  not  too  large)  into  a  globule,  in  the  focus  (or  ex¬ 
treme  point)  of  the  inner  flame.  When  the  globule  is 
pressed  with  a  knife-blade  upon  a  hard  surface,  the  mal¬ 
leability  and  red  color  of  the  copper  will  be  recognized.1 
There  is  no  incrustation  of  oxide  of  copper  upon  the  char¬ 
coal,  but  a  film  of  gray  ash,  such  as  is  always  left  when 
charcoal  is  burnt. 

129.  When  a  minute  quantity  of  a  compound  of  copper 
is  taken  up  on  a  hot  bead  of  borax-glass  (126)  and  fused 
in  the  outer  flame,  it  yields  a  glass  which  is  green  while 
hot,  and  becomes  blue  on  cooling.  When  the  bead  is 
heated  in  a  very  powerful  reducing  flame,  it  becomes  color¬ 
less,  the  copper  being  reduced  to  the  metallic  state,  and 
fused  on  to  the  wire;  but  in  a  feebler  flame,  the  bead 
acquires  an  opaque  brown-red  color,  from  the  presence  of 
suboxide  of  copper  and  diffused  metallic  copper. 

130.  If  a  compound  of  copper  moistened  with  hydro¬ 
chloric  acid  be  exposed,  on  the  point  of  a  *platinum  wire 
(Fig.  50)  to  the  reducing  flame,  it  will  impart  a  bluish- 
green  color  to  the  oxidizing  flame. 

131.  Fluorine.  (Test  some  fluor  spar,  fluoride  of  cal¬ 
cium.)  When  a  fluoride  is  mixed  with  bisulphate  of  pot¬ 
ash  and  heated  in  a  tube  sealed  at  one  end  (Fig.  47),  it 
evolves  very  pungent  vapors  of  hydrofluoric  acid,  which 

1  When  sulphide  of  copper  is  tested  in  this  manner,  it  is  advisable 
to  roast  it  in  the  oxidizing  flame  as  long  as  sulphurous  acid  is  evolved, 
before,  adding  the  carbonate  of  soda.  If  this  be  omitted,  the  reduced 
globule  is  likely  to  be  brittle,  from  the  presence  of  sulphur. 
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fume  strongly  in  damp  air,  and  corrode  the  glass,  giving 
a  dim  and  greasy  appearance  to  the  sides  of  the  tube.1 

132.  Iodine.  (Test  some  iodide  of  lead.)  An  iodide, 
when  mixed  with  bisulphate  of  potash,  and  heated  in  a 
small  tube  sealed  at  one  end  (Fig.  47),  evolves  violet  vapors 
of  iodine,  having  a  peculiar  odor,  and  condensing  in  black 
scales  on  the  cooler  part  of  the  tube. 

133.  Iron.  (Test  some  sulphate  of  iron.)  When  a  com¬ 
pound  of  iron  is  fused,  in  minute  quantity,  with  a  bead  of 
borax  (126),  it  colors  the  glass  brownish-yellow  in  the 
outer  flame,  the  color  fading  rapidly  as  the  bead  cools,  and 
becoming  bottle-green  in  the  inner  flame. 

*134.  Lead.  (Test  some  red  oxide  of  lead.)  Compounds 
of  lead,  fused  with  carbonate  of  soda,  in  a  shallow  cavity 
scooped  near  to  one  end  of  a  flat  surface  of  charcoal  (Fig. 
46),  yield,  in  the  reducing  flame,  globules  of  metallic  lead, 
whilst  the  surface  of  the  charcoal  around  the  oxidizing  flame 
becomes  covered  with  a  yellow  incrustation  of  oxide  of  lead. 
If  the  globules  be  removed  with  the  point  of  a  knife,  and 
pressed  with  a  knife-blade  upon  a  hard  surface,  they  will 
be  known  to  be  lead  by  the  ease  with  which  they  may  be 
flattened  out  and  cut,  and  by  their  making  a  dark  streak 
upon  paper. 

135.  Lime.  See  Calcium  (118). 

136.  Magnesium.  (Test  some  sulphate  of  magnesia.) 
When  compounds  of  magnesium  are  heated  on  charcoal  at 
the  point  of  the  inner  flame,  they  generally  give  a  white 
infusible  mass,  which  assumes  a  delicate  pink  color  when 
moistened  with  nitrate  of  cobalt  and  again  intensely  heated, 
a  compound  of  magnesia  with  oxide  of  cobalt  being  formed 
(see  note  to  107). 

*137.  Manganese.  (Test  some  binoxide  of  manganese.) 
If  a  very  minute  particle  of  a  compound  of  manganese  be 
taken  up  on  a  hot  bead  of  borax  (126),  and  fused  in  the 
(outer)  oxidizing  flame,  it  gives  an  amethyst  purple  or 
violet  color  to  the  glass,  which  fades  and  finally  disappears 
altogether  in  the  inner  flame. 

1  Flfbride  of  calcium  (fluor-spar)  may  be  identified  by  mixing  it 
with  an  equal  volume  of  sulphate  of  lime,  and  heating  on  a  loop  of 
platinum  wire,  when  it  fuses  easily  to  a  clear  glass  which  becomes 
opaque  on  cooling. 
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138.  When  fused  with  carbonate  of  soda,  on  platinum 
wire,  in  the  outer  flame,  compounds  of  manganese  give  an 
opaque  mass  (manganate  of  soda)  w  hich  is  green  while  hot 
and  becomes  blue  on  cooling.  In  the  inner  flame,  the  color 
disappears. 

139.  To  make  a  bead  of  carbonate  of  soda,  the  loop  of 
wire  (Fig.  51)  should  be  moistened  in  the  month  and  dip¬ 
ped  into  the  powdered  carbonate ;  if  the  fused  mass  does 
not  fill  the  loop,  let  it  cool,  moisten  it  and  dip  again. 

*140.  Mercury.  (Test  some  calomel.)  When  a  very 
minute  quantity  of  a  compound  containing  mercury  is 
mixed  with  dry  carbonate  of  soda  (113),  and  heated  in  a 
small  tube  sealed  at  one  end  (Fig.  47),  the  open  end  being 
slightly  inclined  dowmvards,  a  gray  deposit  of  minute 
globules  of  mercury  wall  be  formed  upon  the  cool  part  of 
the  tube.  By  rubbing  the  crust  wTith  a  slender  glass  rod1  or  a 
match,  the  globules  will  be  made  more  evident. 

The  upper  part  of  the  tube  should  be  thoroughly  cleansed 
with  a  roll  of  paper  or  a  match  after  introducing  the  mix¬ 
ture. 

*141.  Corrosive  sublimate  (mercuric  chloride)  is  easily 
distinguished  from  calomel  (mercurous  chloride)  bv  the 
action  of  a  gentle  heat  upon  them  in  small  tubes  sealed  at 
one  end  (Fig.  47).  Corrosive  sublimate  fuses  before  sub¬ 
liming,  and  crystallizes  in  needles  on  cooling,  which  are 
often  seen  projecting  from  the  sides  on  looking  down  the 
tube.  Calomel  sublimes  without  fusing,  and  seldom  ap¬ 
pears  cry  sta  lline. 

142.  Nickel.  (Test  some  sulphate  of  nickel.)  Compounds 
of  nickel,  fused,  in  minute  quantity,  with  a  bead  of  borax 
(126)  in  the  outer  flame,  furnish  a  brownish-yellow  glass, 
which  becomes  dusky  and  gray  in  the  inner  flame.  If  the  hot 
bead  be  made  to  take  up  a  very  small  particle  of  nitrate  of 
potash,  and  again  exposed  to  the  outer  flame,  it  acquires  a 
purple  color. 

*143.  Nitric  Acid.  (Test  some  nitrate  of  potash.)  If  a 
nitrate  be  placed  in  a  cavity  on  charcoal,  and  heated  with 
the  blowpipe  flame,  deflagration  will  be  caused  by  the  com- 

• 

1  Easily  made  by  drawing  out  a  piece  of  glass  rod  in  the  blowpipe 
flame. 
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bustion  of  the  charcoal  in  the  oxygen  furnished  by  the 
nitrate. 

144.  Nitrates,  mixed  with  about  an  equal  quantity  of 
bisulphate  of  potash,  and  heated  in  a  small  tube  sealed  at 
one  end  (Fig.  47),  give  off  red-brown  vapors  of  nitric 
peroxide  which  have  a  characteristic  odor. 

145.  Nitrogen.  (Test  some  isinglass  or  gelatin.)  Or¬ 
ganic  substances  containing  nitrogen,  when  heated  in  a 
small  tube  sealed  at  one  end  (Fig.  47)  evolve  offensive  va¬ 
pors,  which  are  usually  alkaline  to  test-papers,  from  the 
presence  of  ammonia. 

146.  Organic  matter.  (See  119,  145.) 

147.  Oxygen.  ( See  122.) 

148.  Phosphoric  Acid.  (Test  some  phosphate  of  lime}) 
Mix  the  compound  to  be  tested  for  phosphoric  acid  with 
two  or  three  parts  of  dried  boracic  acid,  and  fuse  it  in  a 
cavity  scooped  on  charcoal  (Fig.  46).  Whilst  the  mass  is 
still  hot,  thrust  into  it  about  half  an  inch  of  very  thin  iron 
wire  (of  which  twelve  inches  weigh  one  grain),  and  heat  it 
for  two  or  three  minutes  in  a  powerful  reducing  flame.  If 
phosphoric  acid  be  present,  a  hard  silvery  brittle  metallic 
globule  of  iron  containing  .  phosphorus  will  be  formed, 
which  may  be  extracted  from  the  fused  mass  by  wrapping 
it  in  stout  paper  and  striking  it  with  a  hammer  upon  an 
anvil. 

148«.  If  phosphate  of  lime  be  moistened  with  strong 
sulphuric  acid,  and  heated  on  platinum  wire  at  the  point  of 
the  inner  blowpipe  flame,  a  part  of  the  phosphoric  acid  is 
reduced,  and  the  vapor  of  phosphorus  burns  with  a  peculiar 
livid  greenish  color  in  the  outer  flame. 

149.  Potassium.  (Test  some  nitrate  of  potash.)  Com¬ 
pounds  containing  potassium,  when  moistened  with  hydro¬ 
chloric  acid,  and  heated  on  the  point  of  a  platinum  wire 
(Fig.  50)  in  the  reducing  flame,  impart  a  transient  violet 
color  to  the  oxidizing  flame.  If  sodium  be  present,  the 
yellow  color  of  its  flame  will  obscure  the  violet  tinge. 

150.  Silicic  Acid.  (Test  some  white  sand.)  Make  a 

1  This  experiment  requires  a  very  steady  and  powerful  application 
of  the  blowpipe  flame,  and  forms  a  good  criterion  of  the  skill  of  the 
operator.  Borax  may  be  substituted  for  boracic  acid,  but  is  far  less 
convenient  because  of  its  intumescence. 


76  EXPERIMENTS  WITH  TIIE  MOUTH  BLOWPIPE. 


bead  of  carbonate  of  soda  in  a  loop  of  platinum  wire  (339), 
and  observe  that  it  becomes  opaque  on  cooling.  Heat  it 
again  to  redness,  dip  it  into  the  compound  to  be  tested, 
and  heat  it  again.  Silicic  acid  will  dissolve  with  effer¬ 
vescence,  from  expulsion  of  carbonic  acid.  By  repeated 
fusion  with  successive  additions  of  silicic  acid  the  bead  will 
be  made  transparent  on  cooling.1 

3  51.  Make  a  bead  of  microcosmic  salt  in  the  loop  of 
platinum  wire.  The  salt  is  a  phosphate  of  soda,  ammonia, 
and  water ;  when  heated,  it  loses  the  two  last,  and  is  con¬ 
verted  into  a  transparent  glass  of  metaphosphate  of  soda. 

Take  a  little  silica  upon  the  hot  bead,  and  observe  that 
it  floats  about  undissolved  in  the  fused  glass,  and  may  be 
seen  as  an  opaque  mass  when  the  bead  cools. 

152.  Silver.  (Test  some  chloride  of  silver.)  Any  com¬ 
pound  containing  silver,  fused  in  a  cavity  on  charcoal  with 
carbonate  of  soda  (Fig.  46),  will  yield  a  white  mass  of 
metallic  silver,  which  fuses  into  a  brilliant  globule  in  the 
focus  of  the  flame  and  does  not  tarnish  in  the  outer  flame. 
When  pressed  with  a  knife  upon  a  hard  surface,  the  glob¬ 
ule  will  flatten  out,  but  requires  considerable  pressure. 
There  will  be  no  incrustation  of  oxide  of  silver  upon  the 
charcoal,  but  the  usual  film  of  ash  will  be  seen,  and  per¬ 
haps  a  little  white  deposit  of  chloride  of  sodium. 

3  53.  Extraction  of  silver  from  lead  by  cnpellation.  Scoop 
out  a  large  shallow  cavity  in  a  piece  of  charcoal  a  (Fig.  52) 


and  fill  it  with  powdered  bone-ash 
(phosphate  of  lime)  rammed  very  tightly 
down  (b);  place  a  small  fragment  of 
argentiferous  lead  upon  it,  and  expose 
it  for  two  or  three  minutes  to  the  ex¬ 
treme  point  of  a  steady  oxidizing  flame, 


Fig.  52. 


b 


taking  care  to  hold  the  charcoal  quite  horizontal,  or  the 
globule  of  lead  will  run  off.  Observe  that  the  oxide  of 
lead,  as  it  is  formed,  fuses  and  is  absorbed  by  the  porous 
phosphate  of  lime,  leaving  a  very  small  bead  of  silver 
which  no  longer  tarnishes  or  diminishes  in  the  outer  flame, 
even  though  placed  upon  a  fresh  bed  of  bone-ash. 

1  If  a  sulphate  (or  sulphur  in  any  form)  be  present,  the  bead  will 
have  a  brown  color,  especially  when  hot,  in  the  reducing  flame,  from 
the  formation  of  sulphide  of  sodium.  i 
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*154.  Sodium.  (Test  some  carbonate  of  soda.)  Com¬ 
pounds  containing  sodium,  even  in  very  minute  propor¬ 
tion,  when  heated  on  platinum  wire  in  the  inner  blowpipe 
flame,  impart  a  fine  golden  yellow  color  to  the  outer  flame. 
A  clean  platinum  wire  drawn  through  the  fingers  acquires 
enough  chloride  of  sodium  front  the  skin  to  tinge  the  flame 
yellow.1 

*155.  Strontium.  (Test  some  nitrate  of  strontia.)  Any 
compound  containing  strontium,  when  moistened  with 
hydrochloric  acid,  and  exposed  on  the  point  of  a  platinum 
wire  (Fig.  50)  to  the  inner  flame,  imparts  a  carmine  red 
color  to  the  outer  flame.  Careful  comparison  is  required 
to  prevent  calcium  from  being  mistaken  for  strontium  by 
this  test  (118). 

156.  Sulphur.  (Test  some  flowers  of  sulphur.)  Free 
sulphur  may  be  recognized  by  heating  it  gently  in  a  small 
tube  sealed  at  one  end  (Fig.  47),  when  it  easily  fuses  to  a 
yellow  liquid,  becoming  brown  as  the  heat  is  increased, 
and  yielding  a  brown  vapor,  condensing  in  brown  and 
yellow  drops  upon  the  cool  part  of  the  tube.  If  moisture 
be  present  in  the  sulphur,  a  smell  of  sulphuretted  hydro¬ 
gen  will  be  perceived  at  the  mouth  of  the  tube. 

157.  When  sulphur  is  heated  on  a  platinum  or  iron 
plate,  it  burns  with  a  blue  flame  evolving  the  odor  of  sul¬ 
phurous  acid. 

The  sulphur  in  many  metallic  sulphides  may  be  recog¬ 
nized  by  this  test,  especially  if  it  be  applied  in  a  small 
tube,  about  four  inches  long,  open  at  both  ends,  and  slightly 
bent  in  the  middle  to  prevent  the  substance  from  slipping 
out. 

158.  (Test  some  sulphate  of  baryta.)  Any  compound 
containing  sulphur,  mixed  with  carbonate  of  soda  and 
charcoal  powder,  and  exposed  to  the  reducing  flame  in  a 
cavity  scooped  on  charcoal  (Fig.  46)  will  yield  a  mass  con¬ 
taining  sulphide  of  sodium.  If  this  be  placed  upon  a  clean 
silver  coin,  and  moistened  with  a  drop  of  hydrochloric 

1  Most  substances  contain  enough  sodium  to  impart  a  yellow  tinge 
to  the  outer  blowpipe  flame,  so  that  the  existence  of  sodium  as  an  es¬ 
sential  constituent  of  a  substance  under  examination,  can  be  inferred 
only  when  the  golden  flame  is  very  decided  and  lasting,  and  when 
there  is  some  corroborative  evidence  from  other  sources. 
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acid,  it  will  evolve  the  odor  of  sulphuretted  hydrogen,  and 
leave  a  black  stain  of  sulphide  of  silver  upon  the  coin. 

In  this  experiment  the  sulphate  of  baryta  is  decomposed 
by  the  carbonate  of  soda,  yielding  carbonate  of  baryta  and 
sulphate  of  soda.  This  is  deoxidized  by  the  charcoal, 
aided  by  the  reducing  flame,  and  becomes  sulphide  of 
sodium,  which  the  hydrochloric  acid  converts  into  chloride 
of  sodium  and  sulphuretted  hydrogen. 

159.  Sulphuric  Acid.  (See  158.) 

160.  (Test  some  sulphate  of  iron.)  Many  sulphates, 
heated  in  a  small  tube  sealed  at  one  end  (Fig.  47)  evolve  a 
mixture  of  sulphurous  and  sulphuric  acid,  the  former  being 
recognized  by  its  odor,  and  the  latter  by  its  dense  white 
fumes.  Blue  litmus-paper  is  very  strongly  reddened  by 
the  vapors. 

161.  Tin.  (Test  some  binoxide  of  tin.)  Compounds 
containing  tin,  fused  in  a  cavity  on  the  charcoal  (Fig.  46) 
in  the  reducing  flame,  with  successive  additions  of  carbo¬ 
nate  of  soda,  will  eventually  yield  globules  of  metallic  tin, 
the  brilliancy  of  which  is  obscured  on  withdrawing  them 
from  the  flame,  by  the  formation  of  a  film  of  oxide.  When 
a  globule  of  tin  is  pressed  under  a  knife-blade  on  a  hard 
surface,  it  flattens  out  more  easily  than  silver.  There  is 
no  marked  incrustation  on  the  charcoal  in  this  experiment. 

162.  Coarsely  powdered  cyanide  of  potassium  may,  with 
great  advantage,  be  substituted  for  carbonate  of  soda  in 
the  preceding  experiment. 

163.  Zinc.  (Test  some  sulphate  of  zinc.)  Compounds 
containing  zinc,  heated  on  charcoal  before  the  blowpipe, 
generally  yield  an  infusible  mass,  which  is  yellow  while 
hot,  and  becomes  white  on  cooling.  By  moistening  the 
mass  with  nitrate  of  cobalt  and  again  intensely  heating,  a 
bright  green  compound  of  the  oxides  of  zinc  and  cobalt  is 
produced.  (See  note  to  107.) 

164.  When  a  compound  of  zinc  is  fused  on  charcoal 
with  carbonate  of  soda,  in  the  reducing  flame  (Fig.  46)  the 
metal  is  vaporized  as  fast  as  it  is  reduced,  and  gives  an  in¬ 
crustation  of  oxide,  which  is  yellow  while  hot  and  white 
on  cooling. 
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SYSTEMATIC  EXAMINATION  OF  UNKNOWN  SUBSTANCES 
WITH  THE  BLOWPIPE.1 

165.  Heat  a  little  of  the  substance  in  a  cavity  on  char¬ 
coal  (Fig.  46). 

Deflagration  indicates  a  nitrate  or  chlorate  (122,  123, 

144). 

Odor  of  sulphurous  acid  indicates  sulphur  (a  sulphide , 
or  a  sulphate )  (156,  157,  158,  160). 

Odor  of  garlic  indicates  arsenic  (111,  113). 

White  incandescent2 3  mass.  Moisten  with  nitrate  of 
cobalt,  and  heat  again,  to  detect  zinc  (green),  aluminum 
(blue),  or  magnesium  (pink).  (See  107,  note.) 

166.  Fuse  the  substance  with  carbonate  of  soda  on  char¬ 
coal2  (Fig.  46). 

A  ntbnony. 

Bismuth. 

Copper. 

Lead. 

Silver. 

Tin. 

Zinc. 


Metallic  bead. 

Very  brittle. 
Brittle. 

Red,  malleable. 
Malleable. 
Malleable. 
Malleable. 


Incrustation. 

White. 

Yellow. 

Yellow. 


Yellow  while  hot. 
White  when  cold. 


167.  Test  for  sulphur  in  the  fused  mass  from  the  pre¬ 
ceding  experiment,  as  in  (158). 

168.  Take  the  substance,  in  very  minute  successive  por¬ 
tions,  upon  a  red-hot  bead  of  borax-glass,  and  fuse  in  the 
outer  and  inner  blowpipe  flames  (126). 

1  A  list  of  substances  which  may  be  examined  as  exercises  in  this 
systematic  course  will  be  found  in  the  Appendix. 

2  Incandescent,  evolving  a  brilliant  white  light  when  heated  in  the 
blowpipe  flame. 

3  In  exact  blowpipe  analysis,  it  is  advisable,  after  fusion  with  car¬ 
bonate  of  soda  on  charcoal,  to  grind  the  fused  mass  and  surrounding 
charcoal  to  fine  powder  in  an  airate  mortar,  to  suspend  the  powder  in 
water,  and  pour  off  the  lighter  particles  [levigation).  On  repeating  the 
grinding  and  levigation  several  times,  copper  may  be  seen  in  red 
spangles,  tin  in  brilliant  white  spangles,  and  iron,  cobalt,  and  nickel 
as  dark  gray  metallic  powders,  attractable  by  a  magnetized  knife-blade. 
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Chromium. 

C«b.alt. 

Copper. 

Iron. 

Manganese. 

Nickel. 


Outer  Flame. 

Yellowish-green  glass. 
Blue  “ 

Blue  “ 

Brownish-yellow  “ 
Purple  or  Pink  “ 
Brownish-yellow  “ 


Inner  Flame. 

Emerald-green  glass. 
Blue  “ 

Brown  or  Colorless. 
Bottle-green 
Colorless.  “ 

Dusky-gray1 


169.  Moisten  the  substance  with  hydrochloric  acid,  and 
expose,  on  the  end  of  a  platinum  wire  (Fig.  50)  to  the  re¬ 
ducing  flame.2 3  Again  moisten  with  hydrochloric  acid,  and 
heat  a  second  time,  to  be  quite  sure  of  the  result. 


Barium , 
Calcium  {lime), 
Copper , 
Potassium ,  . 
Sodium , 
Strontium,  . 


.  Green  flame. 

.  Red  flame. 

.  Bluish-green  flame. 
.  Violet  flame. 

.  Yellow  flame.® 

.  Carmine  flame. 


170.  Heat  the  substance  in  a  small  tube  sealed  at  one 
end  (Fig.  47),  first  in  the  lower  part  of  the  ordinary  flame, 
and  afterwards  with  the  blowpipe. 

(a)  Is  any  water  condensed  on  the  cool  part  of  the  tube  ? 

Is  the  water  acid  or  alkaline  to  test-papers  ? 

If  acid  (reddening  blue  litmus-paper),  the  presence  of 
sulphuric ,  hydrochloric,  nitric,  acetic,  or  oxalic  acid  may  be 
suspected. 

If  alkaline  (turning  red  litmus  blue,  or  turmeric  brown), 
ammonia,  or  nitrogenized  organic  matter,  is  probably  pres¬ 
ent  (109). 

( b )  Is  there  any  sublimate  deposited  on  the  upper  part 

of  the  tube? 

This  may  be  due  to  the  presence  of  ammonia  (109),  of 
arsenic  (111),  of  mercury  (140),  or  of  sulphur  (156). 

(c)  Does  the  substance  carbonize  and  emit  any  peculiar 

odor? 


1  Purple  on  adding  a  minute  quantity  of  nitrate  of  potash. 

2  Take  care  that  the  wire  itself  imparts  no  tinge  to  the  flame. 
Should  it  do  so,  it  must  be  cleaned  by  repeated  moistening  with  hy¬ 
drochloric  acid  and  heating  in  the  flame. 

3  See  note  to  (154). 
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Indicating  the  presence  of  organic  matter,  either  nitro- 
genized  (145),  or  non-n i trogeni zed*  (119). 

171.  Mix  the  substance  with  about  an  equal  quantity  of 
bisulphate  of  potash,  and  heat  in  a  small  tube  sealed  at 
one  end  (Fig.  47),  in  the  lower  part  of  the  ordinary  flame.- 

Brown  acid  vapors  indicate  nitric  acid. 

Violet  vapors  indicate  iodine. 

Yellow  bleaching  vapors  indicate  chlorine. ,  either  as  a 
chloride  (124),  a  hypochlorite,  or  a  chlorate  (121,  122). 

Pungent  acid  vapors  fuming  in  moist  air  indicate 
chlorine  as  a  chloride,  or  fluorine  as  a  fluoride  (131). 

Effervescence,  without  any  particular  odor,  indicates 
carbonic  acid. 

172.  Mix  a  very  little  of  the  powdered  substance  with 
dry  carbonate  of  soda  and  charcoal,  and  heat  in  a  small 
tube  sealed  at  one  end  (Fig.  47),  first  in  the  lower  part  of 
the  ordinary  flame,  and  afterwards,  if  necessary,  with  the 
blowpipe ;  to  detect 

Ammonium,  by  the  pungent  odor  (109). 

Arsenic,  by  the  shining  black  sublimate  (113). 

Mercury,  by  the  gray  sublimate  of  minute  globules 
(140). 

173.  Test  for  silica  and  for  manganese  by  fusing  on 
platinum  wire  with  carbonate  of  soda  (138,  150). 

174.  Test  for  boracic  acid  by  fusing  on  platinum  wire 
with  fluor  spar  and  bisulphate  of  potash  (117). 

175.  Test  i'or  phosphoric  acid  by  fusing  on  charcoal  with 
boracic  acid  and  iron  wire  (148). 


CHAPTER  YI. 

SPECIFIC  GRAVITY. 

176.  By  specific  gravity  is  meant  the  relation  between 
the  weights  of  equal  bulks  of  various  kinds  of  matter.  It 
has  been  found  convenient  to  compare  the  specific  gravities 
of  all  solids  and  liquids  with  that  of  water,  which  is  reck¬ 
oned  as  1.000  or  1000.  The  specific  gravity  of  substances 
heavier  than  water  is  consequently  represented  by  a  higher 
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number,  and  of  those  which  are  lighter  by  a  lower  number 
than  1.000:  that  of  lead,  for  instance,  which  is  more  than 
eleven  times  heavier  than  water,  is  represented  by  the 
number  11.44;  while  that  of  ether,  which  is  considerably 
lighter  than  water,  is  represented  by  the  number  0.724. 


SECTION  I. 


Specific  gravity  of  solids  heavier  than  water. 

177.  When  the  substance  is  solid  and  insoluble  in  water, 
its  specific  gravity  may  be  ascertained  in 
fig.  53.  the  following  manner.  Suspend  it  by 
means  of  a  horsehair,  from  a  hook  at¬ 
tached  to  the  scale-pan,  making  a  small 
loop  at  one  end  of  the  hair,  passing  the 
other  end  through  it,  and  inclosing  the 
substance  in  the  noose.  Thus  suspended, 
weigh  it  exactly.  Then  immerse  it  in 
water  and  weigh  it  again  (Fig.  53),  care 
being  taken  that  it  is  covered  on  all  sides 
by  at  least  half  an  inch  of  water.  Small 
bubbles  of  air  frequently  adhere  to  the 
surface,  and  these  must  be  brushed  off 
with  a  feather  or  camel-hair  pencil,  as 
they  would  tend  to  buoy  it  up,  and 
cause  the  specific  gravity  to  appear  too 
low. 

The  results  may  be  noted  down  as  follows  : 


Weight  of  the  substance  in  air,  . 
“  “  “  in  water, 

Loss,  . 


which  number  represents  the  weight  of  an  equtil  bulk  of 
water.  Then  by  dividing  the  weight  in  air  by  the  loss,  or 
the  weight  of  an  equal  bulk  of  water,  the  specific  gravity 
is  ascertained. 

Weight  in  air 


Loss 


Specific  gravity. 
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178.  In  this  way  determine  the  specific  gravity  of  some 
of  the  following  substances :  marble,  amber,  iron  pyrites, 
sulphate  of  baryta,  jet,  lead,  zinc,  glass,  and  agate.1 


SECTION  II. 

Specific  gravity  of  solids  lighter  than  water. 

179.  If  the  solid  be  lighter  than  water,  as  cork,  a  slight 
modification  of  the  above  process  is  necessary. 

Weigh  the  substance  first  in  air  as  before: 
then  select  a  piece  of  lead  of  sufficient  size  to 
sink  the  light  body  in  water  when  attached 
to  it,  and  weigh  it  (the  lead)  in  water,  sus¬ 
pending  it  by  means  of  a  hair  loop.  If  now 
the  light  substance  be  inclosed  in  the  same 
loop  with  the  lead  (Fig  54),  and  immersed 
in  water,  it  will  be  found  that  they  will  to¬ 
gether  weigh  less  than  the  lead  did  alone, 
owing  to  the  buoyancy  of  the  lighter  body  ; 
and  this  difference,  when  added  to  the  weight 
of  the  body  in  air,  is  equal  to  the  weight  of  a  correspond¬ 
ing  bulk  of  water. 

The  results  may  be  thus  recorded  : 

Weight  of  body  in  air, . == 

Weight  of  lead  alone  in  water, . = 

Weight  of  lead  with  body  attached,  in  water,  .  = _ _ 

Difference, . = 

Add  weight  of  body  in  air, . = 

Weight  of  an  equal  bulk  of  water,2  .  .  .  .  = 


Fig.  54. 


Having  thus  obtained  the  weight  of  the  body  in  air,  and 

1  The  following  are  the  specific  gravities  of  these  substances,  some 
of  which,  however,  vary  considerably.  Marble,  2  70;  amber,  1.08; 
iron  pyrites,  4.90;  sulphate  of  baryta,  4.47;  jet,  1.30;  lead,  11.44; 
zinc,  7.00;  flint  glass,  3.30;  and  agate,  2.60. 

2  The  principle  of  this  calculation  may  not  be  evident  at  first  sight. 
Let  W  represent  the  weight  of  the  lead  alone  in  water,  and  w  the 
weight  of  the  lead  and  cork  in  water  ;  then  w — W  would  be  the 
weight  of  the  cork  alone  in  water ;  but,  the  cork  being  lighter  than 
water,  W  is  greater  than  w,  and  hence  w — W  is  a  negative  quantity, 
and  represents  the  buoyancy  of  the  cork, — i  e.,  the  excess  of  weight 
of  an  equal  volume  of  water  over  that  of  the  cork.  By  adding  then 
to  this  difference  the  weight  of  the  cork  in  air,  we  obtain  the  weight 
of  an  equal  bulk  of  water. 
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the  weight  of  an  equal  bulk  of  water,  the  specific  gravity 
is  calculated  as  before. 

Weight  in  air 

- =  Specific  gravity. 

Weight  of  equal  bulk  of  water 

In  this  way  ascertain  the  specific  gravity  of  wood,  cork, 
and  charcoal.1 

SECTION  III. 

Specific  gravity  of  insoluble  powders. 

180.  When  the  substance,  whose  specific  gravity  we  wish 
to  determine,  is  in  the  form  of  powder,  or  even  small 
lumps,  it  is  clear  that  some  other  method  must  be  adopted 
than  those  just  described.  The  following  is  the  most  sim¬ 
ple,  and  for  common  purposes,  sufficiently  accurate. 
Counterpoise2  a  small  bottle  furnished  with  a  stopper ; 
then  fill  it  about  two-thirds  full  of  the  powder  to  be  ex¬ 
amined,  and  again  weigh  :  fill  the  bottle  cautiously  with 
water,  care  being  taken  that  all  air  bubbles  are  expelled, 
and  that  none  of  the  powder  is  washed  out.  Again  weigh. 
Lastly,  rinse  the  bottle  thoroughly,  fill  it  with  distilled 
water,  and  weigh  again. 

From  the  data  thus  obtained,  the  specific  gravity  may 
be  calculated  as  follows  : 


Weight  of  the  powder  and  water,  .  .  .  . 

Weight  of  the  powder  alone, . 

Difference  =  weight  of  water  left  in  the  bottle,  . 
Weight  of  water  which  fills  the  bottle,  .  . 

Water  left  in  the  bottle  after  the  powder  was 

added,  . 

Weight  of  water,  displaced  by,  and  equal  in 
bulk  to  the  powder, . 


}= 

}- 


Then  as  before : 

Weight  of  the  powder 

- =  Specific  gravity. 

Weight  of  water  displaced 

1  The  specific  gravity  of  these  substances  varies  considerably,  ac¬ 
cording  to  the  degree  of  porosity:  the  following  may  be ‘considered 
as  the  usual  average  :  wood  (beech),  0  85  ;  cork,  0.14;  and  charcoal, 
0.2  to  0.5. 

*  This  is  done  by  putting  shot  or  strips  of  lead  in  a  pill-box  placed 
in  the  opposite  scale,  until  their  weight  is  equal  to  that  of  the  bottle. 
The  bottle  is  placed  in  the  scale- pan  in  the  ordinary  way.  Bottles 
may  be  purchased  which  are  made  to  contain  exactly  1000  grains  of 
distilled  water. 
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In  this  way  ascertain  the  specific  gravity  of  sand, 
pounded  glass,  and  shot.1 

SECTION  IV. 

Specific  gravity  of  liquids. 

181.  With  a  bottle  similar  to  that  used  in  the  last  ex¬ 
periment,  the  specific  gravity  of  liquids  may  be  readily 
determined.  As  the  space  occupied  by  a  given  weight  of 
liquid  varies  with  the  temperature,  or  in  other  words,  as 
the  weight  of  a  given  volume  of  any  liquid  is  greater  or 
less  as  the  temperature  is  lower  or  higher,  it  is  necessary 
to  observe  that  the  temperature  of  the  liquid  during  the 
experiment  does  not  vary  much  from  62°,  which  is  usually 
taken  as  the  standard.  For  the  same  reason  the  bottle 
should  not  be  held  in  the  warm  hand  during  the  experi¬ 
ment,  as  otherwise  the  heat  would' cause  the  liquid  to  ex¬ 
pand,  and  become  specifically  lighter. 

Counterpoise  the  bottle,  and  weigh  it  full  of  distilled 
water :  then,  by  filling  it  successively  with  other  liquids, 
weighing,  and  comparing  the  different  weights  with  that 
of  water,  the  volume  of  liquid  being  always  the 
same,  the  specific  gravity  is  obtained  by  pro-  fig.55. 
portion,  thus : 

Weight  of  water  :  1.000  ::  Weight  of  liquid  :  Specific  gravity. 

Care  must  be  taken  to  clean  the  bottle  thor¬ 
oughly  after  each  experiment,  by  washing  it  first 
with  distilled  water,  and  then  with  a  little  of  the 
liquid  whose  density  is  to  be  ascertained. 

Some  of  the  following  may  be  taken  for  prac¬ 
tice  :  Saturated  solution  of  chloride  of  sodium, 
sulphuric  acid,  nitric  acid,  hydrochloric  acid,  so¬ 
lution  of  ammonia,  solution  of  potash.2 

182.  The  specific  gravity  of  liquids  may  also 
be  determined  by  another  process,  which,  though 

I  1  /»  1  1  ,  I  1  ,  D1TCUIK  JlilJ. 

not  capable  ot  so  much  accuracy  as  the  last,  is  ity  Glass. 

1  The  specific  gravity  of  sand  is  about  2.60;  flint  glass,  3.30;  and 
shot,  11.35. 

2  The  specific  gravity  of  a  saturated  solution  of  chloride  of  sodium 
is  1.205.  That  of  the  other  liquids  will  be  found  in  the  tables  given 
in  the  Appendix. 


86 


HEATTNG  SUBSTANCES  IN  GASES. 


Take 


Fig.  56. 


frequently  useful  when  a  specific-gravity  bottle  is  not  at 
hand. 

a  piece  of  solid  glass  rod,  about  the  size  of  the 
figure  (Fig.  55),  with  one  end  drawn  out  and 
turned  in  the  blowpipe  flame.  Weigh  it  first  in  the 
air  and  then  in  water,  suspending  it  with  a  hair- 
loop  (Fig.  56).  Then,  having  wiped  it  dry  be¬ 
tween  each  experiment,  weigh  it  successively  in 
the  liquids,  the  specific  gravities  of  which  are  to 
be  determined.  The  difference  between  the 
weight  of  the  glass  in  air  and  in  the  liquid,  rep¬ 
resenting  in  each  case  the  weight  of  a  volume  of  the 
liquid  equal  to  that  of  the  glass;  and  the  weight 
of  a  similar  volume  of  water  being  known,  the 
specific  gravity  may  be  ascertained  by  simple 
calculation. 

Thus : 


Weight  of  glass  in  air, 
Weight  of  glass  in  liquid, 
Loss,  .  •. 


which  is  the  weight  of  an  equal  volume  of  the  liquid. 

Then  by  proportion, 

Weight  of  e(lua^  1 .  x  000  •  •  1  Weight  of  equal  \  .  (Specific  grnvi- 
volunie  of  water,  j  '  '  '  \  volume  of  liquid,  j  '  \  tyof  theliquid. 

Determine  in  this  way  the  specific  gravities  of  some  of 
the  solutions  already  mentioned,  and  compare  the  results 
with  those  obtained  with  the  specific-gravity  bottle. 


CHAPTER  VII. 

HEATING  SUBSTANCES  IN  GASES. 

SECTION  I. 

Reduction  of  metallic  oxides  by  hydrogen. 

183.  A  large  number  of  the  metallic  oxides  are  decom¬ 
posed  and  reduced  to  the  metallic  state  when  heated  in  an 


REDUCTION  OF  METALLIC  OXIDES. 


87 


atmosphere  of  hydrogen  gas;  and  from  the  facility  with 
which  the  operation  may  be  performed,  and  the  accurate 
results  it  gives  when  carefully  conducted,  it  is  frequently 
employed  in  estimating  the  quantity  of  oxygen  present  in 
oxidized  compounds. 

184.  The  apparatus  which  is  required  for  the  purpose  is 
shown  in  the  figure.  (Fig.  57.)  The  bottle  a  is  charged 


Fig.  57. 


Reduction  of  Oxide  of  Copper. 


with  zinc  and  dilute  sulphuric  acid  to  generate  the  hydro¬ 
gen,  which  is  dried  while  passing  over  fragments  of  chlo¬ 
ride  of  calcium  in  the  tube  e;  the  gas  then  passes  into  the 
bulb-tube1  h,  which  contains  the  oxide  to  be  reduced,  the 
bulb  being  heated  by  the  lamp  placed  beneath. 

185.  Take  a  piece  of  tubing  e,  about  eight  or  ten  inches 
long,  and  half  an  inch  internal  diameter,  and  having 
slightly  fused  the  cut  edges  in  the  blowpipe  flame,  adapt 
a  cork  to  each  end:  then,  with  a  cork-borer  or  round  file, 
perforate  the  corks  so  as  to  receive  the  small  tubes  d  and 
m.  In  using  the  cork-borers,  bore  half-way  through  the 
centre  of  the  cork,  then  reverse  it,  and  bore  in  the  opposite 
direction;  the  two  holes  meeting  in  the  centre  will  be  much 

1  A  piece  of  plain  hard  glass  tubing  (combustion  tubing),  about 
half  an  inch  in  diameter,  provided  with  a  cork  and  small  tube  at  one 
end,  and  drawn  out  to  a  point  at  the  other,  may  be  substituted  for 
•the  bulb-tube,  provided  that  care  be  taken  to  introduce  the  powder 
into  its  centre,  as  may  be  easily  done  by  placing  it  in  a  gutter  of  stiff 
paper,  so  as  to  occupy  only  about  an  inch,  then  sliding  the  gutter  into 
the  tube,  and  turning  this  half  round  upon  its  axis,  so  that  the  pow'der 
may  fall  from  the  paper  on  to  the  glass;  the  gutter  is  then  carefully 
withdrawn,  without  disturbing  the  powder. 
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smoother  than  if  bored  directly  through.  When  the  tube 
is  of  such  a  diameter  as  cannot  be  exactly  matched  by  any 
of  the  cork-borers  in  the  set,  the  hole  should  be  bored  by 
a  smaller  one,  and  afterwards  enlarged  by  means  of  a  round 
tile,  until  it  is  of  sufficient  calibre  to  admit  the  tube,  which 
must  always  lit  perfectly  tight.  Remove  one  of  the  corks 
from  the  large  tube,  and  push  down  to  the  other  end  a 
small  loose  bit  of  tow  or  cotton-wool,  and  nearly  fill  it 
with  fragments  of  chloride  of  calcium ;  put  in  another  bit 
of  tow  (the  use  of  which  is  to  prevent  any  of  the  smaller 
fragments  falling  out),  and  again  fix  the  cork  and  small 
tube. 

Next  adapt  a  cork  to  the  bottle,  which  should  have  a 
tolerably  wide  neck,  and  bore  in  it  two  holes  to  fit  the 
tubes  b  and  c,  which  pass  through  it,  the  former  reaching 
nearly  to  the  bottom  of  the  bottle,  the  latter  passing  only 
just  through  the  cork.1  Put  300  grains  of  granulated  zinc 
into  the  bottle,  and  fix  the  cork  containing  the  tubes  b 
and  c. 

186.  In  order  to  connect  the  different  parts  of  the  ap¬ 
paratus  together,  short  pieces  of  vulcanized  india-rubber 
tubing  are  employed;  or,  if  a  plain  tube  be  substituted 
for  the  bulb-tube,  the  tube  c  may  be  directly  inserted  into 
the  cork  of  the  chloride  of  calcium  tube,  and  the  tube  m 
into  that  of  the  plain  tube. 

187.  Weigh  the  bulb-tube  accurately,  and  place  in  the 
bulb  20  or  30  grains  of  oxide  of  copper  previously  well 
dried  by  a  moderate  heat;  again  weigh,  to  ascertain  the 
weight  of  oxide  operated  on,  and  connect  the  apparatus  as 
shown  in  the  figure.  The  apparatus  being  thus  arranged, 
cover  the  fragments  of  zinc  with  about  an  ounce  of water,  and 
add  dilute  sulphuric  acid,  by  the  funnel  tube,  till  a  mode¬ 
rate  effervescence  takes  place ;  when  the  gas  has  been  com¬ 
ing  over  about  five  minutes,  apply  a  gentle  heat  to  the 
bidb,  and  gradually  increase  it  as  long  as  any  water  is 
formed  by  the  combination  of  the  hydrogen  with  the  oxy¬ 
gen  of  the  oxide  of  copper. 

It  is  necessary  to  observe  the  precaution  of  not  applying 

1  When  a  funnel-tube  is  not  at  hand,  a  piece  of  wide  tubing  may 
be  passed  through  the  cork,  and  an  ordinary  funnel  placed  in  it. 
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the  heat  immediately,  since  the  apparatus  at  first  contains 
an  explosive  mixture  of  hydrogen  and  common  air,  which 
would,  if  heat  were  applied,  be  in  great  danger  of  explod¬ 
ing,  and  seriously  injuring  the  operator ;  by  allowing  five 
minutes  to  elapse,  however,  the  whole  of  the  common  air 
is  expelled,  and  the  bulb  may  be  heated  without  danger. 

It  is  advisable  to  heat  the  anterior  portion  of  the  tube 
before  applying  any  heat  to  the  oxide  of  copper,  so  as  to 
prevent  the  condensation  of  any  large  quantity  of  mois¬ 
ture,  which  is  apt  to  crack  the  tube.  A  slight  inclination 
towards  the  open  extremity  should  be  given  to  the  bulb- 
tube,  so  that  any  drops  of  water  which  may  condense  shall 
have  no  chance  of  running  back  upon  the  hot  part  of  the 
tube. 

188.  When  the  decomposition  appears  to  be  complete, 
no  more  water  being  produced,1  expel  by  heat  any  mois¬ 
ture  that  may  have  condensed  in  the  cool  end  of  the  tube, 
remove  the  lamp,  and  allow  the  bulb-tube  to  cool :  then 
disconnect  the  apparatus,  and  weigh  the  bulb  containing 
the  reduced  metallic  copper,  the  loss  of  weight  indicating 
the  quantity  of  oxygen  which  has  been  removed.  Ascer¬ 
tain  by  calculation  the  proportion  of  oxygen  in  100  parts 
of  the  oxide,  and  compare  the  experimental  result  with 
what  is  theoretically  correct. 


SECTION  II. 

Heating  substances  in  an  atmosphere  of  carbonic  acid. 

189.  It  is  sometimes  required  in  analysis  to  separate  two 
substances,  one  of  which  is  volatile  at  a  high  temperature, 
and  the  other  fixed,  so  that  by  merely  heating  the  mixture, 
and  weighing  before  and  afterwards,  the  weight  of  each  in¬ 
gredient  is  determined.  In  some  cases,  however,  it  hap¬ 
pens  that  the  non-volatile  body  when  heated  in  atmospheric 

1  This  is  known  by  holding  a  piece  of  cold  glass  close  to  the  open¬ 
ing  at  the  end  of  the  tube,  and  observing  whether  any  moisture  is 
condensed  upon  its  surface;  it  not,  if  may  be  inferred  that  no  water 
is  coming  off.  Should  the  hydrogen  burn  at  the  end  of  the  tube,  it 
must  be  extinguished  before  applying  this  test,  by  holding  a  thick 
piece  of  iron  in  the  flame,  and  blowing  it. 
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air,  combines  with  oxygen,  forming  a  volatile  compound  ; 
so  that  here  it  is  necessary  to  conduct  the  operation  in  an 
atmosphere  of  some  gas  incapable  of  combining  with  it,  as 
hydrogen  or  carbonic  acid.  For  instance,  in  the  analysis 
of  gunpowder,  which  consists  of  a  mixture  of  nitrate  of 
potash,  sulphur,  and  charcoal,  the  nitrate  of  potash  is  first 
dissolved  out  with  water,  and  the  insoluble  residue,  con¬ 
sisting  of  sulphur  and  charcoal,  is  heated  in  a  current  of 
hydrogen  or  carbonic  acid,  when  the  sulphur  being  vola¬ 
tile,  is  expelled ;  whereas,  if  the  mixture  were  to  be  heated 
in  common  atmospheric  air,  the  carbon  as  well  as  the  sul¬ 
phur  would  disappear,  since  it  would  combine  with  oxygen, 
and  become  converted  into  carbonic  acid,  which  is  a  gas. 

190.  The  apparatus  required  for  this  purpose  is  the  same 
as  that  used  for  the  reduction  of  metallic  oxides  by  hydro¬ 
gen  (184).  Fill  the  generating  bottle  a  about  one-third 
full  of  water,  and  put  in  some  fragments  of  marble ;  when 
the  apparatus  is  arranged,  pour  in  from  time  to  time  a 
little  hydrochloric  acid  through  the  tube  b,  so  as  to  main¬ 
tain  a  moderate  effervescence.  Weigh  the  bulb-tube,  and 
put  into  it  about  ten  grains  of  the  mixture  of  sulphur  and 
charcoal ;  weigh  a  second  time,  to  ascertain  how  much  is 
used  in  the  experiment,  and  connect  the  apparatus  together. 
Allow  the  gas  to  come  over  for  about  five  minutes,  in  order 
to  displace  the  common  air  (which  might  otherwise  cause 
the  loss  of  some  of  the  charcoal,  by  conversion  into  car¬ 
bonic  acid),  and  then  heat  the  mixture  as  long  as  any  sul¬ 
phur  is  volatilized,  taking  care  to  chase  out  any  sulphur 
which  may  have  condensed  on  the  cool  part  of  the  tube. 
As  soon  as  the  apparatus  is  cold,  weigh  the  bulb-tube 
again,  when  the  loss  of  weight  will  represent  the  quantity 
of  sulphur  contained  in  the  mixture.  The  percentage  of 
sulphur  is  then  ascertained  by  calculation.1 

Weight  of  mixture  :  loss  of  weight  ::  100  :  percentage  of  sulphur. 


1  The  glass  tube  must  he  very  gently  heated,  for,  at  a  red  heat,  the 
carbonic  acid  gas  would  convert  part  of  the  carbon  into  carbonic  oxide 
gas.  The  residue  left  when  gunpowder  is  exhausted  with  water  con¬ 
tains  40  per  cent,  of  sulphur. 
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RECOGNITION  OF  METALS  AND  NON-METALLIC 
BODIES  IN  THEIR  MOST  FREQUENT 
FORMS  OF  COMBINATION. 


CHAPTER  I. 

SECTION  I. 

Introductory. 

191.  Qualitative  analysis  has  for  its  object  the  deter¬ 
mination  of  the  elements  or  compounds  which  are  con¬ 
tained  in  any  given  substance;  and  those  elements  and 
compounds  are  recognized  by  certain  characteristic  appear¬ 
ances  which  they  present  when  exposed  to  the  action  of 
tests  or  reagents,  or  when  otherwise  treated,  as  when  sub¬ 
mitted  to  heat,  &c. 

Before  proceeding,  therefore,  to  the  more  complicated 
processes  of  analysis,  it  is  advisable  that  the  student  should 
make  himself  familiar  with  the  action  of  reagents  on  the 
compounds  most  commonly  met  with  in  such  investiga¬ 
tions,  in  order  to  enable  him  properly  to  interpret  the  lan¬ 
guage  in  which  Nature,  through  his  experiments,  replies 
to  his  inquiries. 

With  this  purpose  in  view,  he  should  not  merely  apply 
his  test,  and  superficially  note  whether  a  precipitate  is  or  is 
not  formed,  but  he  should  endeavor  to  impress  on  his  rec¬ 
ollection  the  exact  appearance  which  it  presents,  both  as  to 
color  and  also  as  to  physical  structure;  whether  it  is  crystal¬ 
line,  curdy,  or  gelatinous;  whether  it  separates  immedi¬ 
ately  from  the  solution,  or  requires  time  for  its  develop¬ 
ment;  as  well  as  the  action  of  solvents  (as  acids  and 
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alkalies)  upon  it.  Beside  the  increased  facility  which  he 
will  thus  gain  in  making  subsequent  experiments,  he  will 
be  acquiring  habits  of  close  and  accurate  observation, 
which  will  be  of  infinite  value  to  him,  not  only  in  pursu¬ 
ing  the  study  of  chemistry,  but  in  almost  every  occupation 
of  life. 


SECTION  II. 

Analytical  Classification. 

192.  In  describing  the  action  of  reagents,  and  the  rudi¬ 
ments  of  chemical  analysis,  all  the  rarer  substances  will 
be  omitted,  as  they  would  only  tend  to  confuse  the  student.1 
The  following  are  those  which  will  be  treated  of,  as  being 
most  commonly  met  with  in  analysis.  The  metals  are 
classified  according  to  their  behavior  with  hydrosulphuric 
acid,  hydrosulphate  of  ammonia,  and  carbonate  of  ammonia. 
Those  in  Class  I  are  precipitated  as  sulphides  from  acidi¬ 
fied  solutions  by  hydrosulphuric  acid ;  those  in  Class  II 
are  not  affected  by  hydrosulphuric  acid  when  an  excess  of 
hydrochloric  acid  is  present,  but  are  thrown  down  either 
as  sulphides  or  oxides  when  their  neutral  solutions  are 
treated  with  hydrosulphate  of  ammonia;  those  in  Class 
III  are  not  precipitated  by  either  hydrosulphuric  acid  or 
hydrosulphate  of  ammonia,  but  are  thrown  down  as  car¬ 
bonates,  by  carbonate  of  ammonia ;  and  those  in  Class  IV 
are  unaffected  by  any  of  those  reagents.2 


Metals  and  their  principal  Oxides. 
Class  I. 


Metals. 

Antimony, 

Arsenic, 

Bismuth, 


Oxides. 

Oxide  of  Antimony. 
Arsenious  Acid. 
Arsenic  Acid. 

Oxide  of  Bismuth. 


1  In  the  Appendix  will  he  found  a  table  showing  the  behavior  of 
most  of  the  rarer  substances  with  reagents. 

2  See  table  of  Analytical  Classification  in  the  Appendix. 
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Metals. 

Oxides. 

Copper, 

.  Oxide  of  Copper. 

Lead, 

Mercury, 

.  Oxide  of  Lead. 

.  Mercurous  Oxide. 
Mercuric  Oxide. 

Silver,  . 

.  .  .  .  Oxide  of  Silver. 

Tin, 

.  .  .  .  Stannous  Oxide. 

Stannic  Acid. 

Class  II. 

Aluminum,  . 

.  Alumina. 

Chromium, 

,  .  .  .  Oxide  of  Chromium. 

Chromic  Acid. 

Cohalt,  . 

.  Oxide  of  Cobalt. 

Iron, 

.  Ferrous  Oxide. 

Ferric  Oxide. 

Manganese, 

.  Oxide  of  Manganese. 
Binoxide  “ 

Manganic  Acid. 
Permanganic  Acid. 

Nickel,  . 

,  .  .  .  Oxide  of  Nickel. 

Zinc, 

,  .  .  .  Oxide  of  Zinc. 

Class  III 

Barium,. 

,  .  .  .  Baryta. 

Calcium, 

.  .  .  .  Lime. 

Magnesium, 

.  .  .  .  Magnesia. 

Strontium, 

.  .  .  .  Strontia. 

s 

Class  IV. 

Ammonium  (hypothetical). 

Potassium, 

.  Potash. 

Sodium,  . 

.  Soda. 

Non-metallic 

Bodies  and  their  principal 

Non-metallic  bodies. 

Acids. 

Nitrogen, 

Sulphur, 


Phosphorus, 


Nitric  Acid. 
Hydrosulphuric  Acid. 
Sulphurous  Acid. 
Hyposulphurous  Acid. 
Sulphuric  Acid. 
Phosphoric  Acid. 
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Non-metallic  bodies. 
Carbon, . 


Boron,  . 
Silicon,  . 
Chlorine, 


Iodine,  . 
Fluorine, 


Acids. 

Carbonic  Acid. 

Oxalic  Acid. 
Hydrocyanic  Acid. 
Hydroferrocyanic  Acid. 
Tartaric  Acid. 

Citric  Acid. 

Gallic  Acid. 

Tannic  Acid. 

Benzoic  Acid. 

Acetic  Acid. 

Boracic  Acid. 

Silicic  Acid. 
Hydrochloric  Acid. 
Hypochlorous  Acid. 
Chloric  Acid. 

Hvdriodic  Acid. 
Hydrofluoric  Acid. 


193.  Should  the  student  find  that  the  action  of  any  test 
does  not  agree  with  that  described,  it  may  be  owing  to 
some  impurity  contained  in  the  test  liquid,  in  which  case 
he  may  examine  It  in  the  manner  described  in  the  section 
on  reagents. 

It  will  be  observed  that,  in  general,  only  those  reactions 
are  set  down  which  admit  of  practical  application  in  the 
systematic  course  of  analysis,  those  which  possess  merely 
a  general  interest  being  omitted. 

The  student  is  cautioned  against  supposing  that  any  re¬ 
action  which  is  ascribed  to  one  substance,  and  not  to  others 
of  the  same  group,  may  serve  as  a  characteristic  test  for 
that  substance,  since  such  an  application  will  always  receive 
a  special  notice,  and  the  reaction  is  omitted  in  the  case  of 
the  other  substances,  merely  because  it  is  not  applied  in 
the  systematic  course  of  analysis. 


SILVER. 
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METALS  BELONGING  TO  CLASS  I. 

Silver,  Lead,  Mercury,  Bismuth,  Copper,  Tin,  Antimony, 
Arsenic.  • . 

194.  These  metals  are  distinguished  from  those  of  the 
succeeding  classes,  by  being  precipitated  from  their  acidi¬ 
fied  solutions  when  treated  with  hydrosulphuric  acid.  It 
is  remarkable  that  nearly  all  the  metals,  the  compounds  of 
which  are  most  eminently  poisonous,  belong  to  this  class. 


SECTION  I. 
Silver. 


A  solution  of  nitrate  of  silver  may  be  used. 


195.  Pour  a  few  drops  of  solution  of  nitrate  of  silver 
into  a  test-tube,  and  add  some  hydrosulphuric  acid.1  A 
black  precipitate  of  sulphide  of  silver  will  be  produced, 
which  will  not  dissolve  on  adding  a  few  drops  of  dilute 
nitric  acid. 

196.  (C)2  Hydrochloric  acid  produces  in  solutions  of 


1  Always  smell  hydrosulphuric  acid  before  using  it,  since,  when 
kept,  its  hydrogen  becomes  oxidized  by  the  air,  and  sulphur  depos¬ 
ited.  If  it  be  fit  for  use,  it  will  smell  very  strongly  of  the  gas. 

2  Tests  marked  (C)  are  those  generally  employed  in  the  analytical 
course,  and  should  therefore  receive  particular  attention. 
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silver  a  white  curdy  precipitate  of  chloride  of  silver,  which 
is  readily  soluble  in  ammonia. 

If  the  ammoniacal  solution  be 
neutralized  with  nitric  acid,  the 
chloride  is  reprecipitated.  Com¬ 
pare  (199,  208). 

197.  Identification  of  metallic  sil¬ 
ver. — Dissolve  a  scrap  of  silver  in 
dilute  nitric  acid,  with  the  aid  of 
heat  (Fig.  58),  and  ascertain  the 
presence  of  the  metal  by  adding 
hydrochloric  acid,  and  dissolving 
the  precipitate  in  ammonia. 

[For  the  blowpipe  test,  see 
(152).] 


SECTION  II. 
Lead. 


A  solution  of  the  acetate  or  the  nitrate  of  lead  may 
be  used. 


198.  (C)  Hydrosulphuric  acid  throws  down,  in  solutions 
containing  lead,  a  dense  black  precipitate  of  sulphide  of 
lead.1 

If  the  sulphide  be  boiled  with  dilute  nitric  acid,  a  little 
of  it  is  converted  into  the  insoluble  sulphate  of  lead,  but 
the  greater  part  is  dissolved. 

199.  (C)  Hydrochloric  acid  throws  down  a  white  and 
often  crystalline  precipitate  of  chloride  of  lead.  If  the 
solution  with  the  precipitate  be  boiled,  a  portion  of  the 
chloride  dissolves,  and  is  deposited  again  on  cooling,  in 
the  form  of  needle-shaped  crystals.  If  the  solution  of  lead 

1  In  solutions  of  lead  to  which  an  excess  of  hydrochloric  acid  has 
been  added  (199),  hydrosulphuric  acid  often  produces  a  red  precip¬ 
itate  composed  of  sulphide,  and  chloride  of  lead,  which  becomes  black 
after  a  time,  or  on  boiling,  in  contact  with  an  excess  of  hydrosulphuric 
acid. 


Fig.  58. 
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is  dilute,  the  chloride  does  not  precipitate,  as  it  is  some¬ 
what  soluble  in  water. 

The  chloride  of  lead  is  not  dissolved  by  an  excess  of  am¬ 
monia.  Compare  (196). 

200.  (C)  Dilute  sulphuric  acid  produces  a  white  granular 
precipitate  of  sulphate  of  lead,  which  is  sparingly  soluble 
in  acids,  but  soluble  in  acetate  of  ammonia  mixed  with 
excess  of  ammonia1  on  boiling. 

If  the  precipitate  be  moistened  with  a  solution  of  hvdro- 
sulphate  of  ammonia,  it  is  instantly  blackened,  owing  to 
the  formation  of  sulphide  of  lead  :  it  is  distinguished  in  this 
way  from  the  insoluble  sulphates  of  baryta  and  strontia. 

201.  (C)  Chromate  of  potash  gives  a  tine  yellow  pre¬ 
cipitate  of  chromate  of  lead,  which  is  insoluble  in  dilute 
acids.  This  substance  is  the  basis  of  the  pigment  known 
in  commerce  as  chrome  yellow. 

202.  (C)  Iodide  of  potassium  also  gives  a  beautiful  yel¬ 
low  precipitate  of  iodide  of  lead,  which  is  rather  lighter  in 
tint  than  the  chromate.  If  the  iodide  thus  formed  be 
boiled  with  water,  it  dissolves,  especially  if  a  little  hydro¬ 
chloric  acid  be  added,  and  again  separates  on  cooling,  in 
the  form  of  brilliant  crystalline  scales,  which  are  extremely 
beautiful. 

203.  Identification  of  metallic  lead. — Boil  a  small  piece 
of  lead  (e.  g.,  a  shot)  with  a  little  dilute  nitric  acid,  which 
will  gradually  dissolve  it;  test  different  portions  of  the 
solution  with  dilute  sulphuric  acid  (200),  and  hydrochloric 
acid  (199).  Strong  nitric  acid  will  not  easily  dissolve  lead, 
the  metal  becoming  coated  with  nitrate  of  lead,  which  is 
not  soluble  in  the  strong  acid. 

[For  the  blowpipe  test,  see  (134).] 

1  Acetate  of  ammonia  may  be  made  by  gradually  adding  acetic 
acid  to  solution  of  ammonia,  till  the  liquid  is  slightly  acid  to  blue 
litmus-paper. 
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SECTION  III. 


Fig.  59. 


Mercury. 

A.  As  mercurous  oxide1  or  some  corresponding 
compound. 

204.2  (C)  Heat  a  very  little  calomel  in  a  small  tube 
sealed  at  one  end  ( not  a  test-tube).  It  becomes 
pale  yellow,  and,  being  volatile,  it  sublimes,  and 
condenses  in  the  upper  part  of  the  tube ;  on  cool¬ 
ing,  the  color  disappears. 

205.  (C)  Mix  a  little  dry  carbonate  of  soda 
with  a  very  minute  quantity  of  calomel,  and  put 
the  mixture  into  a  tube,  a  (Fig.  59);  then  cover 
it  with  a  layer  of  carbonate  of  soda  in  powder, 
about  a  quarter  of  an  inch  deep,  b,  and  apply 
heat  (140).  The  calomel  is  decomposed,  and 
minute  globules  of  metallic  mercury  condense  in 
the  cool  part  of  the  tube  at  c. 

206.  Boil  a  little  calomel  with  distilled  water  in  a  test- 
tube  ;  filter  the  water  into  another 
tube  (Fig.  60),  and  test  it  with  hy¬ 
drosulphate  of  ammonia;  no  effect 
is  produced,  proving  that  the  calo¬ 
mel  is  insoluble  in  water.3 

207.  (C)  Potash  or  ammonia 
poured  on  the  calomel,  decomposes 
it,  turning  it  black,  owing  to  the 
formation  of  the  black  oxide  of  mer¬ 
cury.  Chloride  of  potassium  or  am¬ 
monium  is  at  the  same  time  formed. 

208.  (C)  Hydrochloric  acid,  added 
to  a  solution  of  mercurous  oxide 

(e.g.,  the  protonitrate),  throws  down  a  white  precipitate  of 
mercurous  chloride  (calomel). 

1  Also  called  protoxide  or  suboxide  of  mercury. 

2  The  blowpipe  tests  for  calomel  are  repeated  here,  on  account  of  its 
special  importance. 

3  If  the  calomel  contained  any  corrosive  sublimate,  the  hydrosul¬ 
phate  would  produce  a  black  precipitate. 


Fig.  60. 
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Ammonia  converts  the  precipitate  into  a  gray  compound 
of  mercury.  Compare  (196,  199). 

209.  (C)  Place  a  strip  of  clean  copper  in  the  mercurial 
solution,  and  observe  the  deposition  of  metallic  mercury. 

B.  As  Mercuric  Oxide  or  some  corresponding  compound. 


The  perchloride  of  mercury  (bichloride  of  mercury  or  cor¬ 
rosive  sublimate),  either  solid  or  in  solution  may  be 

used.  - 

210.  Heat  a  small  fragment  of  the  perchloride  in  a  small 
tube  sealed  at  one  end ;  it  fuses,  boils,  and  sublimes  into 
the  upper  part  of  the  tube  (141). 

211.  (C)  Repeat  the  experiment  described  in  (205), 
using  a  very  small  particle  of  the  perchloride  instead  of 
calomel;  metallic  mercury  sublimes  in  both  cases. 

212.  Boil  a  little  with  water,  in  which  it  readily  dis¬ 
solves,  thus  differing  from  mercurous  chloride. 

213.  (C)  Test  a  solution  of  the  perchloride  with  a  small 
quantity  of  hydrosulphuric  acid.  A  white  precipitate  is 
first  formed,  which,  on  the  addition  of  more  of  the  precip¬ 
itant,  gradually  becomes  darker,  and  ultimately  black. 
This  change  of  color  is  owing  to  the  formation  of  a  double 
compound  of  sulphide  and  chloride  of  mercury,  which  is 
white ;  and  when  the  hydrosulphuric  acid  is  added  in  ex¬ 
cess,  the  whole  of  the  mercury  is  converted  into  the  black 
persulphide.  The  precipitate  is  insoluble  in  hydrochloric 
and  nitric  acids  separately,  but  is  readily  dissolved  by  a 
mixture  of  the  two  on  heating,  and  again  converted  into 
the  perchloride. 

214.  Ammonia  throws  down  white  precipitate. 

215.  (C)  Potash  gives  a  yellow  precipitate  of  oxide  of 
mercury.  If  ammoniacal  salts  are  present,  the  precipitate 
formed  by  potash  is  white,  and  consists  of  the  same  com¬ 
pound  as  that  thrown  down  by  ammonia. 

216.  (C)  When  protochloride  of  tin  is  added  in  small 
quantity,  the  perchloride  of  mercury  is  reduced  to  the  state 
of  mercurous  chloride,  which  separates  as  a  white  precipi¬ 
tate.  If  the  salt  of  tin  be  added  in  excess,  and  the  mix¬ 
ture  boiled,  the  mercury  is  reduced  to  the  metallic  state. 

217.  (C)  Iodide  of  potassium  causes  a  most  beautiful  red 
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precipitate  of  periodide  of  mercury,  which  surpasses  even 
vermilion  in  brilliancy  of  color.  It  is  readily  soluble  in 
an  excess  of  either  of  the  solutions,  especially  in  the  iodide 
of  potassium.  Compare  (202). 

218.  (C)  If  a  solution  containing  mercury  be  acidified 
with  hydrochloric  acid,  and  boiled  with  a  few  strips  of 
clean  copper,  the  surface  of  the  latter  becomes  coated  with 
a  lustrous  film  of  metallic  mercury,  and  if  the  slips  be 
dried  upon  blotting-paper  and  heated  in  a  small  tube 
closed  at  one  end  (not  a  test-tube),  globules  of  mercury 
may  be  obtained. 


SECTION  IY. 
Bismuth. 


A  solution  of  the  chloride  may  be  used. 

219.  (C)  Mix  a  concentrated  solution  of  the  chloride 
with  a  considerable  quantity  of  water,  which  causes  a  white 
precipitate  of  oxychloride  of  bismuth. 

A  similar  decomposition  takes  place  when  solutions  of 
many  of  the  soluble  salts  of  bismuth  are  diluted  with 
much  water.  The  precipitates  thus  formed  are  usually 
distinguishable  from  those  produced  under  the  same  cir¬ 
cumstances  in  solutions  of  antimony,  by  being  insoluble  in 
tartaric  acid. 

220.  (C)  Hydrosulphuric  acid  and  hydrosulphate  of  am¬ 
monia  throw  down,  from  solutions  of  bismuth,  a  black 
precipitate  of  sulphide  of  bismuth,  which  is  insoluble  in 
cold  dilute  acids,  but  soluble  in  hot  nitric  acid. 

221.  (C)  Ammonia  gives  a  white  precipitate  of  hydrated 
oxide  of  bismuth,  which  is  insoluble  in  an  excess  of  the 
precipitant.  If  the  precipitate  be  redissolved  in  as  little 
hydrochloric  acid  as  possible,  the  solution  will  become 
milky  when  mixed  with  a  large  quantity  of  Avater  (219). 

222.  (C)  Iodide  of  potassium  gives,  in  strong  solutions, 
a  brown  precipitate  of  iodide  of  bismuth;  in  dilute  solu¬ 
tions,  only  a  red-brown  color.  One  drop  of  acetate  of  lead 
added  to  the  red-brown  solution  gives  a  brown  precipitate 
composed  of  the  iodides  of  lead  and  bismuth ;  if  this  pre- 
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cipitate  be  dissolved  by  boiling  with  water  and  a  little 
hydrochloric  or  acetic  acid,  it  will  crystallize  out,  with  a 
very  beautiful  color  and  appearance,  on  cooling  the  test- 
tube  in  a  stream  of  water.  Compare  (202,  217). 

[For  the  blowpipe  test,  see  (116).] 


SECTION  Y. 
Copper. 


A  solution  of  sulphate  of  copper  may  be  used. 

223.  (C)  Hydromlphurie  acid  and  hydrosulphate  of  am¬ 
monia  throw  down  a  black  precipitate  of  sulphide  of 
copper  from  solutions  of  copper  salts,  whether  neutral, 
acid,  or  alkaline. 

224.  (C)  Ammonia,  when  added  in  small  quantity, 
throws  down  a  pale  blue  precipitate,  consisting  of  a  basic 
salt  of  copper,  which  immediately  redissolves  when  the 
ammonia  is  added  in  excess ;  the  solution  thus  formed  has 
a  beautiful  deep  blue  color,  owing  to  the  formation  of  the 
aramonio-sulphate  of  copper. 

225.  Potash  produces  in  cold  solutions  of  copper  a  pale 
blue  precipitate  of  hydrated  oxide.  If  the  mixture  be 
boiled,  or  if  the  potash  be  added  to  a  hot  solution,  the  pre¬ 
cipitate  becomes  black,  owing  to  the  decomposition  of  the 
hydrated  oxide,  and  formation  of  the  anhydrous  black 
oxide.  The  potash  must  for  this  purpose  be  added  slightly 
in  excess,  as  otherwise  the  precipitate  would  consist  of  a 
basic  salt,  which  would  not  become  black  when  boiled. 

226.  (C)  Ferrocy ankle  of  potassium  gives,  even  in  very 
dilute  solutions,  a  mahoganv-colored  precipitate  of  ferro¬ 
cy  an  ide  of  copper,  which  is  insoluble  in  dilute  acids. 

227.  (C)  A  piece  of  clean  iron  (a  knife-blade),  when 
placed  in  a  solution  containing  copper,  causes  a  precipita¬ 
tion  of  metallic  copper  on  its  surface. 

This  is  an  extremely  delicate  test,  and  by  this  means 
the  whole  of  the  copper  may  be  removed  from  a  liquid, 
especially  if  a  slight  excess  of  acid  is  present. 

228.  Identification  of  metallic  copper. — Dissolve  a  very 
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small  piece  of  copper  in  dilute  nitric  acid;  test  one  part  of 
the  solution  with  ammonia  (224),  and  the  other  with  ferro- 
cyanide  of  potassium  (226). 

[For  the  blowpipe  tests,  see  (128,  129,  130).] 

SECTION  VI. 

Tin. 

A.  As  protoxide 1  or  some  corresponding  compound. 


A  solution  of  protochloride  of  tin  (stannous  chloride) 
may  be  used. 


229.  (C)  Hydrosulphuric  acid  gives  in  solutions  of  the 
protosalts  of  tin,  either  neutral  or  with  excess  of  acid,  a 
dark-brown  precipitate  of  protosulphide  of  tin,  which  is 
soluble  in  hydrosulphate  of  ammonia,  containing  an  excess 
of  sulphur  (which  is  shown  by  the  yellow  color).  The 
solution  is  facilitated  by  heating. 

If  the  solution  thus  formed  be  neutralized  with  hydro¬ 
chloric  acid,  a  yellow  precipitate  of  the  bisulphide  of  tin 
is  produced,  which  was  formed  by  the  action  of  the  excess 
of  sulphur,  in  the  hydrosulphate  of  ammonia  upon  the 
protosulphide  of  tin. 

230.  (C)  Perchloride  of  mercury  produces,  even  in  very 
dilute  solutions,  at  first  a  white  precipitate  of  mercurous 
chloride,  which  is  often  highly  crystalline,  and  gives  a  silky 
appearance  to  the  liquid.  If  a  sufficient  quantity  of  the 
tin  salt  be  present,  this  white  precipitate  is  converted  after 
a  time  into  gray  metallic  mercury. 

B.  As  peroxide  of  tin 2  or  some  corresponding  compound. 


A  solution  of  the  perchloride  (stannic  chloride)  may 
be  used. 


231.  (C)  Hydrosulphuric  acid  gives,  in  acid  solutions,  a 

1  Also  called  stannous  oxide. 

2  Also  called  stannic  acid  and  binoxide  of  tin. 
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pale  yellow  precipitate  of  bisulphide  of  tin,  which  is  in 
some  cases  formed  only  on  heating.  It  is  dissolved  when 
heated  with  hydrosulphate  of  ammonia.  Compare  (229). 

232.  Ammonia  on  potash  throws  down,  from  acid  solu¬ 
tions,  a  bulky  white  precipitate  of  hydrated  peroxide  of 
tin,  which  is  soluble  in  an  excess  of  the  precipitant,  espe¬ 
cially  when  potash  is  used  and  heat  applied,  forming  a  com¬ 
pound  called  stannate  of  potash,  in  which  the  peroxide  of 
tin  plays  the  part  of  an  acid. 

The  hydrated  peroxide,  when  thus  formed  by  precipita¬ 
tion  with  potash,  is  readily  soluble  both  in  potash  and 
nitric  acid,  in  which  respect  it  differs  from  that  formed  by 
the  action  of  nitric  acid  on  metallic  tin,  though  both  yield 
the  same  results  when  analyzed. 

233.  (C)  Carbonate  of  ammonia,  in  acid  solutions,  pro¬ 
duces  a  white  precipitate  of  hydrated  peroxide  of  tin, 
which  is  not  dissolved  on  boiling  with  an  excess  of  the 
carbonate.  Compare  (240). 

234.  If  a  piece  of  zinc  be  allowed  to  remain  for  a 
minute  or  two  in  a  solution  of  tin,  the  latter  will  be  de¬ 
posited  in  the  metallic  state,  and  may  be  identified  by  boil¬ 
ing  it  in  hydrochloric  acid  and  testing  with  perchloride  of 
mercury  (230). 

235.  (C)  Identification  of  metallic  tin. — Boil  a  small 
fragment  of  tin  with  dilute  nitric  acid ;  it  is  converted 
into  a  white  insoluble  powder,  which  is'metastannic  acid. 
Boil  another  portion  of  the  metal  with  hydrochloric  acid, 
which  slowly  dissolves  it  as  protochloride  of  tin  ;  pour  a 
little  of  the  solution  into  another  tube,  and  test  with  per¬ 
chloride  of  mercury  (230).  Continue  to  boil  the  rest  of 
the  tin  with  the  acid,  and  add  dilute  nitric  acid  very  care¬ 
fully  at  intervals,  until  the  whole  is  dissolved.  Test  the 
bichloride  of  tin  thus  produced  with  hydrosulphuric  acid 
(231),  and  with  carbonate  of  ammonia  (233). 

[For  the  blowpipe  test,  see  (161).] 

SECTION  VII. 

Antimony. 

236.  Add  dilute  hydrochloric  acid,  drop  by  drop,  to  so¬ 
lution  of  tartar  emetic ;  a  white  precipitate  of  oxide  of 
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antimony  will  be  produced  at  first,  but  will  be  easily  dis¬ 
solved  by  the  acid.  Place  a  little  of  the  solution  on 
platinum  foil,  and  dip  in  it  a  piece  of  zinc,  touching  the 
platinum.  Antimony  deposits  as  a  black  stain  upon  the 
platinum;  rinse  the  latter,  and  place  some  yellow  sulphide 
of  ammonium  upon  it;  the  stain  will  be  dissolved,  and 
orange  sulphide  of  antimony  will  be  left  on  evaporation. 

237.  (C)  To  this  solution  (containing  only  just  enough 
acid  to  redissolve  the  precipitate)  add  eight  or  ten  times  its 
volume  of  water,  when  it  will  become  milky  from  the  sepa¬ 
ration  of  oxychloride  of  antimony,  but  may  be  rendered 
clear  again  by  adding  tartaric  acid.  Compare  (219). 

238.  (C)  Acidify  a  solution  of  tartar  emetic  with  hydro¬ 
chloric  acid,  and  add  hydros ulphuric  acid,  which  will  pro¬ 
duce  an  orange  precipitate  of  tersulphide  of  antimony.1 

239.  (C)  Collect  the  tersulphide  of  antimony  upon  a 
small  filter,  wash  it  once  or  twice  with  water,  perforate  the 
filter  with  a  glass  rod  and  wash  the  precipitate  into  a  test- 
tube,  using  as  little  water  as  possible.  Add  carbonate  of 
ammonia  and  heat  gently  ;  the  sulphide  of  antimony  dis¬ 
solves  only  to  a  very  slight  extent,  and  is  thus  distinguishd 
from  sulphide  of  arsenic.  Add  a  little  hydrosulphate  of 
ammonia,  and  the  precipitate  will  readily  dissolve,  but 
may  be  reprecipitated  by  dilute  hydrochloric  acid,  though 
its  color  will  now  be  paler  than  before,  because  a  little  sul¬ 
phur  is  precipitated  together  with  it. 

240.  (C)  Add  carbonate  of  ammonia  to  solution  of  ter- 
eldoride  of  antimony.  A  white  precipitate  of  hydrated  ter- 
oxide  of  antimony  is  produced,  which  dissolves  almost 
entirely  on  boiling  with  an  excess  of  the  carbonate  of 
ammonia.  Compare  (23$). 

241.  (C)  Identification  of  metallic  antimony. — Boil  a  little 
powdered  antimony  with  dilute  nitric  acid,  which  will  con¬ 
vert  it  into  a  white  powder  (hydrated  antimonic  acid). 
Boil  another  portion  of  the  metal  with  hydrochloric  acid, 
and  add  nitric  acid,  very  carefully,  drop  by  drop,  till  the 
antimony  is  dissolved,  as  terchloride.  Prove  the  presence 
of  antimony  in  the  solution  by  largely  diluting  one  portion 


1  Antimonic  acid  would  furnish  a  similar  precipitate. 
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(237) ,  and  by  testing  another  with  hvdrosulphiiric  acid 

(238) . 

[For  the  blowpipe  test  for  antimony,  see  (HO).  The 
antimonietted  hydrogen  test  is  described  in  the  Section  on 
Arsenic.] 


SECTION  VIII. 

Arsenic. 

A.  As  Arsenious  Acid.1 

242.  On  account  of  the  highly  poisonous  nature  of 
arsenic,  great  care  should  be  taken,  in  the  following  ex¬ 
periments,  not  to  use  more  than  is  absolutely  necessary  to 
exhibit  its  peculiarities.  In  all  these  experiments  (except 
those  of  solution),  a  fragment  of  the  size  of  a  small  pin’s 
head  is  quite  sufficient.  There  is  also  another  advantage 
in  using  such  small  quantities — namely,  that  in  most 
medico-legal  investigations,  the  quantity  to  be  looked  for 
is  very  minute,  and  it  is  consequently  very  important  that 
the  student  should  make  himself  familiar  with  the  appear¬ 
ances  which  would,  under  these  circumstances,  present 
themselves. 

243.2  (C)  If  a  small  fragment  of  arsenious  acid  be  heated 
on  charcoal  before  the  blowpipe,  it  is  wholly  volatilized, 
and  a  smell  of  garlic  will  generally  be  perceptible,  espe¬ 
cially  when  it  is  subjected  to  the  reducing  flame.  Both  me¬ 
tallic  arsenic  and  arsenious  acid  are  volatile  when  heated, 
but  the  fumes  of  the  latter  have  no  smell.  The  odor  of 
arsenic  vapor  appears  to  be  due  to  the  metal  while  under¬ 
going  oxidation,  and  may  be  caused  perhaps  by  the  forma¬ 
tion  of  a  lower  oxide  than  the  arsenious  acid ;  it  is  always 
observable  when  metallic  arsenic  is  volatilized  in  contact 
with  the  air. 

1  Commence  this  section  by  setting  some  arsenious  acid  to  boil 
with  water  ( see  247),  and  make  the  other  experiments. (242  to  246)  in 
the  interval. 

2  It  has  been  thought  advisable  to  repeat  tbe  blowpipe  tests  for 
arsenic  (already  described  in  Part  I),  in  order  to  exhibit  in  this  sec¬ 
tion  all  the  leading  characters  of  that  important  poison. 
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244.  (C)  Place  a  fragment  of  arsenious  acid  in  a 


small  tube  scaled  at  one  end  (not 
a  test-tube),  warm  the  upper 
part  of  the  tube  by  drawing  it 
once  or  twice  through  a  gas  or 
spirit  flame,  and  apply  a  gentle 
heat  to  the  arsenious  acid.  It 
sublimes  without  decomposition, 
and  condenses  in  the  cool  part 
of  the  tube,  in  the  form  of  minute 
sparkling  octahedral  crystals 
(Fig.  61),  which  should  be  ex¬ 
amined  with  a  lens,  as  they  arc 
highly  characteristic.  The  size 
and  regularity  of  the  crystals  depend  on  the  slowness  with 
which  the  vapor  is  condensed.  If  the  surface  of  the  glass 
on  which  the  condensation  takes  place  is  quite  cold,  the 
sublimate  is  often  amorphous.1 

245.  (C)  Mix  a  little  arsenious  acid  with  black  flux  (or 
a  mixture  of  carbonate  of  soda  and  charcoal),  which  if  at 
all  damp  should  be  previously  dried  (113),  and  heat  a  little 
of  the  mixture  in  a  small  tube,  sealed  at  one  end,  before 
the  blowpipe.  The  arsenious  acid  is  deoxidized  by  the  car¬ 
bon  of  the  flux,  and  the  metallic  arsenic  thus  reduced  sub¬ 
limes,  and  condenses  in  the  upper  part  of  the  tube,  forming 
a  more  or  less  brilliant  metallic  crust  («,  Fig.  49,  p.  69). 

If  a  moderate  heat  be  now  applied  to  the  sublimate,  it 
will  again  volatilize,  and  if  any  of  the  vapor  escapes  from 
the  tube,  it  may  be  recognized  by  its  characteristic  odor  of 


Fig.  61. 


g  </ 


Crystals  of  Arsenious  Acid. 


garlic. 


Fig.  62. 


1  Dr  Guy  has  devised  a  very  simple  method 
of  obtaining  this  sublimate,  and  others  of  a 
similar  kind,  upon  a  flat  slide  for  microscop¬ 
ical  examination.  In  a  flat  plate  of  metal 
or  porcelain,  a  hole  is  drilled,  sufficiently 
large  to  receive  a  very  short  test-tube,  about 
an  inch  and  a  half  long,  and  half  an  inch  in 
diameter  (Fig  62) ;  the  arsenious  acid  is  gently 
heated  in  this  tube  over  a  spirit-lamp  flame, 
and  the  crystalline  sublimate  is  allowed  to 
deposit  upon  a  glass  slide  slightly  warmed 
and  placed  over  the  mouth  of  the  tube.  The 
binocular  microscope  permits  the  examination  of  sublimates  in  tubes. 
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246.  (C).  Cut  off,  by  means  of  a  file,  the  portion  of  the 
tube  containing  the  crust,  wrap  it  in  a  piece  of  paper,  break 
it  into  fragments,  and  place  some  of  them  in  another  tube. 
Sublime  the  arsenic  by  a  gentle  heat  in  the  tube,  and  ob¬ 
serve  the  conversion  of  the  metal  into  crystalline  arsenious 
acid,  which  is  formed  by  the  action  of  the  atmospheric  oxy¬ 
gen  contained  in  the  tube. 

247.  Boil  a  few  grains  of  arsenious  acid  with  water  (in 
which  it  is  sparingly  soluble),  in  a  flask :  filter  the  solution 
from  the  undissolved  portion,  and  retain  it  for  testing. 

248.  (C)  Hydrosulpkuric  acid  added  to  a  solution  of 
arsenious  acid  in  water,  gives  it  a  bright  yellow  color,  due 
to  the  formation  of  tersulphide  of  arsenic. 

If  the  solution  be  acidified,  however,  with  a  few  drops 
of  hydrochloric  acid,  a  much  more  rapid  and  complete  de¬ 
composition  takes  place ;  and  a  complete  separation  of  the 
arsenic  may  in  this  way  be  effected.  The  sulphide  of 
arsenic  thus  formed  has  a  bright  yellow  color. 

249.  (C)  Pour  a  little  of  the  solution  containing  the 
yellow  precipitate  into  a  test-tube,  and  add  a  few  drops  of 
ammonia,  which  will  very  easily  dissolve  it.  (Sulphide  of 
cadmium,  which  much  resembles  the  sulphide  of  arsenic, 
is  insoluble  in  ammonia.) 

250.  (C)  Collect  the  sulphide  of  arsenic  upon  a  small 
filter  (72),  and  wash  it  twice  or  thrice  with  water;  pour 
over  it  a  little  warm  solution  of  carbonate  of  ammonia,  and 
observe  that  the  sulphide  of  arsenic  readily  dissolves.  Com¬ 
pare  (239). 

251.  (C)  Repeat  the  experiment  with  hydrosulphate  of 
ammonia,  which  will  dissolve  it  even  more  readily. 

252.  (C)  Dry  the  remainder  of  the  sulphide  of  arsenic 
very  carefully,1  mix  a  little  of  it  with  black  flux,  or  with 

1  A  hot  brick  is  very  serviceable  for  drying  precipitates  on  filters, 
especially  where  many  students  are  working,  since  several  bricks  may 
always  be  kept  upon  the  furnaces  and  carried  to  different  parts  of  the 
laboratory  as  they  are  wanted.  When  the  quantity  of  sulphide  of 
arsenic  is  too  minute  to  be  removed  from  the  filter,  it  may  be  dis¬ 
solved  off  in  a  few  drops  of  ammonia,  the  solution  evaporated  nearly 
to  dryness,  and  a  few  drops  of  concentrated  nitric  acid  added  :  on  con¬ 
tinuing  the  evaporation  to  dryness,  arsenic  acid  will  be  left,  which 
will  assume  a  red-brown  color  when  moistened  with  a  drop  of  nitrate  of 
silver,  especially  if  a  trace  of  very  dilute  ammonia  be  added. 
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dried  carbonate  of  soda  and  a  little  charcoal  (113),  and 
heat  it  in  a  tube ;  observe  the  formation  of  a  metallic  crust 
of  arsenic,  and  identify  it  as  in  (246). 

253.  A  very  excellent  method  of  testing  the  sulphide  of 


Fig.  63. 


arsenic  was  proposed  by  Fresenius:  it  consists  in  reducing 
the  sulphide  to  the  metallic  state  by  fusion  with  carbonate 
of  soda  and  cyanide  of  potassium,  and  carrying  the  vapor 
of  the  metal,  by  means  of  a  gentle  stream  of  carbonic  acid, 
into  the  narrow  point  of  a  glass  tube,  when  the  smallest 
quantity  becomes  visible.  Fig.  63  will  show  the  arrange¬ 
ment  adopted  for  this  purpose.  The  larger  flask  contains 
fragments  of  marble  covered  with  water,  to  which  hydro¬ 
chloric  acid  is  added  through  the  funnel-tube  for  the  pur¬ 
pose  of  evolving  carbonic  acid,  which  is  dried  by  passing 
through  oil  of  vitriol  in  the  smaller  flask.  The  sulphide 
of  arsenic  is  mixed  with  about  12  parts  of  a  mixture  of  3 
parts  of  carbonate  of  soda  and  1  part  of  cyanide  of  potas¬ 
sium  (previously  well  dried) ;  the  mixture  is  introduced 
into  the  tube1  at  d  by  means  of  a  paper  gutter  (note  to  184), 


Fig.  64. 


and  the  tube  is  then  attached  to  the  apparatus.  As  soon 
as  all  the  air  has  been  expelled,  and  the  carbonic  acid  is 
passing  through  the  oil  of  vitriol  at  the  rate  of  about  a 


The  tube  is  made  of  stout  German  glass. 
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bubble  in  a  second,  the  mixture  is  thoroughly  dried  by 
gently  heating  the  tube  throughout  its  whole  length  with 
a  spirit-lamp;  when  no  more  moisture  is  visible,  the  shoul¬ 
der  is  so  heated  that  no  arsenic  may  condense  there,  and  is 
kept  hofwhile  a  second  spirit-lamp  is  employed  to  heat 
the  mixture;  the  heat  may  be  ultimately  increased  by  the 
blowpipe,  if*  necessary ;  the  metallic  arsenic  condenses  in 
the  narrow  part  of  the  tube,  at  e,  and  any  of  the  tests  may 
be  applied  in  order  to  complete  its  identification. 

Antimony  gives  no  deposit  when  its-  sulphide  is  treated 
in  this  manner. 

254.  Hydrosulphate  of  ammonia ,  when  added  to  a  solu¬ 
tion  of  arsenious  acid,  also  causes  the  formation  of  the 
yellow  sulphide,  which,  however,  does  not  precipitate,  but 
remains  dissolved  as  the  double  sulphide  of  arsenic  and 
ammonium.  If  hydrochloric  acid  be  added  in  excess  to  the 
mixture,  the  sulphide  of  arsenic  is  immediately  precipi¬ 
tated,  of  a  somewhat  lighter  color  than  that  thrown  down 
by  hydrosulphuric  acid,  owing  to  the  admixture  of  a  little 
sulphur  derived  from  the  hydrosulphate  of  ammonia. 

255.  Ammonio-nitrate  of  silver)'1 2  throws  down,  in  solu¬ 
tion  of  arsenious  acid,  a  canary-colored  precipitate  of  ar- 
senite  of  silver,  which  is  soluble  both  in  ammonia  and 
nitric  acid.  It  must  be  remembered  that  phosphate  of  soda 
also  produces,  with  nitrate  of  silver,  a  similar  precipitate, 
which  is  equally  soluble  in  nitric  acid  and  ammonia. 

A  solution  of  arsenious  acid  in  water  gives  no  precip¬ 
itate  with  nitrate  of  silver  unless  ammonia  is  added,  but 
this  must  be  done  very  carefully,  as  a  very  slight  excess 
will  redissolve  the  yellow  precipitate. 

256.  Ammonio-sulphate  of  copper 2  produces  in  solution 
of  arsenious  acid  a  delicate  green  precipitate  of  arson ite  of 
copper,  which  dissolves  readily  both  in  ammonia  and  nitric 
acid.  It  must  be  borne  in  mind,  in  employing  this  test, 
that  a  similar  precipitate  is  produced  when  the  solution  of 
copper  is  added  to  liquids  containing  some  vegetable  sub¬ 
stances,  though  no  arsenic  may  be  present. 


1  Prepared  by  adding  very  dilute  ammonia  to  nitrate  of  silver,  drop 
by  drop,  till  the  precipitate  at  first  produced  is  exactly  redissolved. 

2  Prepared  in  a  similar  manner,  with  sulphate  of  copper. 
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Marsh’s  Test. 

"257.  (C)  It  is  well  known  that  when  zinc  is  treated  with 
dilute  sulphuric  acid,  hydrogen  gas  is  given  off.  If,  in 
addition  to  the  zinc  and  dilute  sulphuric  acid,  either  of  the 
oxides  of  arsenic  be  present,  the  arsenic  combines  with 
some  of  the  hydrogen,  and  forms  a  gaseous  compound 
called  arsenietted  hydrogen,  which  passes  off*  mixed  with 
the  excess  of  hydrogen.1 

Now  if  this  arsenietted  hydrogen  is  heated  strongly, 
either  by  burning  in  the  air,  or  bv  passing  through  a  red- 
hot  tube,  it  is  decomposed,  and  metallic  arsenic  is  depos¬ 
ited  in  the  solid  state. 

258.  Several  forms  of  apparatus  have  been  contrived 
for  making  use  of  this  property  in  the  detection  of  arsenic ; 
of  these  the  following  is  in  practice  the  simplest :  The 
bottle  a  (Fig.  65)  should  be  capable  of  containing  six  or 

eight  ounces  of  water,  and  is 
connected  by  means  of  a  per¬ 
forated  cork  with  the  tubes 
h  and  e;  the  latter  should  be 
made  of  hard  German  glass, 
bent  at  a  right  angle,  having 
the  end  e  drawn  off  so  as  to 
diminish  the  aperture.  A 
few  fragments  of  zinc  are 
placed  in  the  bottle  and 
covered  with  water ;  and 
when  the  cork  with  its  tubes 
is  attached,  pour  a  little  di¬ 
lute  sulphuric  acid  down  the 
tube  6,  which  should  reach  nearly  to  the  bottom  of  the 
bottle,  and  allow  the  gas  (hydrogen)  to  be  given  off  for  five 
minutes.2  Then  kindle  the  hydrogen  at  the  mouth  of  the 

1  It  must  be  borne  in  mind  that  this  gas,  like  most  of  the  other 
compounds  of  arsenic,  is  highly  poisonous  ;  so  that  the  experiment 
should  never  be  performed  in  a  close  room,  but  in  the  open  air  or  in 
a  well-ventilated  apartment. 

2  The  reason  why  it  is  not  safe  to  apply  the  light  at  once,  is,  that  a 
mixture  of  hydrogen  and  common  air  is  highly  explosive,  so  that  it  is 
necessary  to  allow  time  for  the  whole  of  the  common  air  to  be  ex¬ 
pelled  by  the  hydrogen;  as  otherwise  serious  injury  might  be  caused 
by  an  explosion  of  the  mixed  gases. 


Fig.  65. 
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tube,  and  depress  a  porcelain  plate  (the  lid  of  a  Berlin 
crucible)  upon  the  flame  for  a  second  or  two;  observe 
\Vhether  any  brown  stain  is  deposited  upon  it.  This  pre¬ 
caution  is  n'ecessary,  since  some  kinds  of  sulphuric  acid,  and 
also  of  zinc,  contain  traces  of  arsenic.1  If  no  stain  is  pro¬ 
duced,  it  may  be  assumed  that  the  materials  are  pure. 

259.  The  solution  containing  (or  suspected  to  contain) 
arsenic,  is  now  introduced  through  the  tube  6.  If  arsenic 
is  present  in  the  liquid,  it  will  cause  the  formation  of  ar- 
senietted  hydrogen,  which  will  impart  a  livid  hue  to  the 
flame  of  the  hydrogen ;  on  depressing  the  porcelain  plate 
again  upon  the  flame,  the  metallic  arsenic  will  be  deposited 
in  the  form  of  a  dark  shining  spot.  By  applying  heat  to 
the  dark  spots,  they  are  readily  volatilized,  and  the  fumes 
will  be  found  to  have  the  characteristic  odor  of  garlic. 

A  few  of  these  spots  should  be  retained  for  further  ex¬ 
amination,  and  for  comparison  with  those  of  antimony. 

260.  A  deposit  of  metallic  arsenic  may  also  be  obtained 
by  strongly  heating  the  tube  through  which  the  gas  is 
passing,  at  the  point  d  (Fig.  65),  when  a  lustrous  mirror 
will  be  formed,  not  exactly  at  the  heated  point,  but  a  quarter 
or  half  an  inch  beyond  (in  consequence  of  the  volatility  of 
arsenic).  The  portion  of  the  tube  which  contains  the  de¬ 
posit  may  be  filed  off  and  examined  as  directed  at  (246). 2 

261.  Marsh’s  test,  as  just  described,  is  so  extremely  deli¬ 
cate,  that  it  is  capable  of  detecting  arsenic  in  a  solution 
containing  the  millionth  of  its  weight  of  the  acid,  and  may 
be  considered  the  most  conclusive  test  which  we  possess. 
It  is,  however,  liable  to  this  objection,  which  is  in  practice 
easily  overcome.  It  is  found  that  antimony,  when  present 
in  a  mixture  of  zinc  and  dilute  sulphuric  acid,  combines 
with  the  liberated  hydrogen,  precisely  in  the  same  way  as 
arsenic,  forming  an  analogous  compound,  called  antimo- 
nietted  hydrogen  ;  which,  when  heated,  is  decomposed,  and 
the  metallic  antimony  is  at  the  same  time  deposited. 
Hence  it  is  extremely  important  that  we  should  be  able  to 

1  Antimony  is  also  occasionally  found  in  zinc. 

2  For  details  respecting  the  application  of  Marsh’s  test  in  minute 
testing  for  toxicological  purposes,  the  student  is  referred  to  Bowman’s 
Medical  Chemistry. 
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distingush  accurately  between  them,  as  otherwise  we  should 
not  be  sure  whether  the  crusts  produced  by  Marsh’s  test 
were  due  to  arsenic  or  antimony.  One  or  two  experiments 
are  generally  sufficient  to  enable  us  to  do  this. 

262.  For  the  purpose  of  comparison,  empty  the  zinc  and 
sulphuric  acid  from  the  bottle  used  for  the  arsenic  experi¬ 
ments  (258),  wash  it  well,  and  substitute  fresh  zinc  and 
acid.  When  the  gas  has  been  coming  off  about  five 
minutes  (note  to  258),  pour  in  a  few  drops  of  a  solution  of 
the  double  tartrate  of  antimony  and  potash  (tartar  emetic), 
and  apply  heat  as  before  at  the  point  d.  A  crust  of  anti¬ 
mony  will  be  deposited  at  the  heated  point,  and  not,  as  in 
the  case  of  arsenic,  at  a  little  distance  from  it :  this  is  owing 
to  the  antimony  being  less  volatile  than  arsenic,  and  it  will 
be  found  impossible  to  volatilize  it  by  the  heat  of  a  com¬ 
mon  spirit-lamp.  In  this  manner,  therefore,  we  are  en¬ 
abled  in  some  measure  to  judge  whether  the  stain  is  due  to 
antimony  or  arsenic. 

263.  Light  the  jet  of  gas  which  issues  from  the  aperture 
e  as  in  (258),  and  hold  over  the  flame  a  porcelain  plate  as 
before :  a  deposit  of  metallic  antimony  will  be  formed 
similar  to  that  of  arsenic,  but  blacker  and  less  shining. 

Prepare  a  few  of  these  spots  for  comparison  with  those 
of  arsenic  formed  in  (259). 

264.  Apply  the  heat  of  a  spirit-lamp  to  one  of  each 
kind  of  spot,  and  observe  the  superior  volatility  of  the  ar¬ 
senic,  and  the  garlic  odor  of  its  vapor. 

265.  (C)  Moisten  one  of  each  kind  of  spot  with  yellow 
hydrosulphate  of  ammonia,  on  the  end  of  a  glass  rod,  and 
observe  that  the  antimony  is  immediately  dissolved,  while 
the  arsenic  remains  nearly  unaffected  for  a  considerable 
length  of  time.  This  is  a  most  valuable  means  of  distin¬ 
guishing  between  them,  and  was  first  observed  by  Dr.  Guy. 

266.  (C)  If  the  spots  be  moistened  with  a  solution  of 
chloride  of  lime,  the  arsenic  will  dissolve,  while  the  anti¬ 
mony  will  remain  unaffected. 


Reinsch’s  Test. 

267.  (C)  This  test  is  founded  on  the  circumstance  that 
when  a  metal,  such  as  copper,  is  heated  in  a  solution  of 
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another  metal  more  electro-negative  than  itself,  the  latter 
is  separated  in  the  metallic  state,  and  deposited  on  the  sur¬ 
face  of  the  former,  which  is  at  the  same  time  dissolved  in 
equivalent  proportion.  A  little  of  the  solution  containing 
arsenic  is  acidified  with  a  few  drops  of  hydrochloric  acid, 
and  boiled  in  a  test-tube  with  three  or  four  strips  of  clean 
copper  foil :  the  arsenic,  being  more  electro-negative  than 
the  copper,  is  deposited  on  the  surface  of  the  foil,  and  the 
whole  is  in  this  way  separated  from  the  solution. 

268.  The  appearance  of  a  metallic  deposit  on  the  copper 
is  not,  however,  necessarily  a  proof  of  the  presence  of  ar¬ 
senic,  since  other  metals  (as  bismuth,  silver,  mercury,  or 
antimony)  would  produce  a  similar  incrustation,  being  all 
more  electro-negative  than  copper.  Arsenic,  however,  is 
readily  distinguished  from  any  of  these  in  the  following 
manner  : 

269.  Take  the  copper  strips  out  of  the  solution,  wash 
them  with  water,  and  dry  them  cautiously  between  folds 
of  filtering-paper;  place  them  in  a  small  tube  sealed  at 
one  end  ( not  a  test-tube),  and  apply  heat,  when  the  arsenic 
will  be  volatilized,  and  becoming  oxidized  by  the  air  con¬ 
tained  in  the  tube,  will  form  a  crystalline  sublimate  in  the 
upper  part  (244). 

270.  Had  the  deposit  on  the  copper  consisted  of  silver, 
it  would  not  have  been  volatilized  when  heated  :  if  it  were 
mercury,  minute  globules  of  the  metals  would  have  con¬ 
densed  in  the  cool  part  of  the  tube;  and  had  it  been  bis¬ 
muth  or  antimony,  a  higher  degree  of  heat  would  have 
been  necessary  to  sublime  it;  the  sublimate  would  have 
been  white  and  amorphous  instead  of  crystalline;  and 
when  treated  with  water,  would  prove  insoluble,  while  the 
arsenious  acid  would  dissolve,  and  the  solution,  on  being 
tested,  would  show  the  presence  of  arsenic.1 

1  If  the  arsenic  be  present  in  the  state  of  arsenic  acid,  the  copper 
separates  it  with  greater  difficulty,  and  it  is  necessary  to  add  a  very 
large  proportion  of  hydrochloric  acid.  A  great  obstacle  to  the  use  of 
this  simple  and  delicate  test  is  the  difficulty  of  obtaining  hydrochloric 
acid,  and  especially  copper,  perfectly  free  from  arsenic..  In  testing 
these,  a  quantity  of  hydrochloric  acid  equal  to  that  employed  in  test¬ 
ing  the  suspected  substance,  should  be  diluted  with  four  times  its 
bulk  of  water,  boiled  in  a  small  flask,  and  a  small  strip  of  the  copper 
introduced;  if  after  boiling  for  15  or  20  minutes,  there  is  no  deposit 
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B.  As  Arsenic  Acid. 

271.  Mix  a  little  arsenious  acid  with  nitre,  and  heat  it 
in  a  small,  tube  sealed  at  the  end.  The  nitre  gives  up  a 
portion  of  its  oxygen  to  the  arsenic,  forming  arsenic  acid. 

272.  Dissolve  the  fused  mass  in  water,  and  test  it  with 
nitrate  of  silver:  a  reddish-brown  precipitate  of  arseniate 
of  silver  is  thrown  down,  which  is  soluble  in  nitric  acid, 
and  also  in  ammonia.  Compare  (255). 

273.  Arsenic  acid,  even  when  mixed  with  hydrochloric 
acid  is  not  precipitated  by  hydrosulphuric  acid  unless  the 
solution  is  boiled,  or  allowed  to  stand  for  some  time.  Com¬ 
pare  (248). 

For  the  detection  of  arsenic  in  organic  mixtures,  the 
student  is  referred  to  Bowman’s  Medical  Chemistry. 


Summary  of  Class  I. 

274.  In  order  to  ascertain  if  a  solution  contains  either 
of  the  metals  belonging  to  this  class,  add  hydrochloric 
acid  until  it  is  distinctly  acid,  and  if  any  precipitate  be 
produced,1  continue  to  add  hydrochloric  acid,  in  order  to 
be  quite  sure  that  the  precipitate  does  not  redissolve2  (236), 
in  which  case  it  is  probably  either  mercurous  chloride, 
chloride  of  silver,  or  chloride  of  lead.  To  determine  be¬ 
tween  these,  allow  the  precipitate  to  settle  in  the  tube, 
pour  off  the  liquid,  and  boil  the  precipitate  with  water ; 
chloride  of  lead  will  be  dissolved,  and  the  presence  of  lead 
may  be  confirmed  by  adding  dilute  sulphuric  acid  (200); 
if  the  precipitate  remains  undissolved,  let  it  subside  again, 
pour  off  the  water,  and  shake  the  precipitate  with  am¬ 
monia  ;  if  it  dissolves,  it  is  chloride  of  silver,  and  may  be 
again  precipitated  by  nitric  acid ;  if  it  is  blackened,  it  is 

upon  the  copper,  the  hydrochloric  acid  maybe  considered  sufficiently 
pure.  Several  of  the  strips  of  copper  should  be  strongly  heated  in  a 
small  closed  tube  to  prove  that  they  will  not  afford  crystals  of  arsenious 
acid. 

No  oxidizing  agent  (such  as  nitric  or  chloric  acid)  must  be  present 
in  the  liquid  to  be  tested,  or  the  copper  will  be  dissolved.  See  Bow¬ 
man's  Medical  Chemistry. 

1  If  no  precipitate  be  produced,  pass  on  to  (275). 

2  If  the  precipitate  redissolves,  pass  on  to  (275). 
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mercurous  chloride,  and  indicates  the  presence  of  mercury 
in  the  solution  in  the  form  of  mercurous  oxide  (suboxide). 

275.  If  no  precipitate  be  produced  by  hydrochloric  acid, 
or  if  the  precipitate  be  afterwards  redissolved,  add  to  the 
same  solution  twice  or  thrice  its  volume  of  hydrosulphuric 
acid  in  solution  (thoroughly  saturated),  as  long  as  it  pro¬ 
duces  any  change  (213);  if  any  precipitate  separates,  its 
color  and  appearance  must  be  carefully  observed  ;  if  it  be 
white  and  uniformly  diffused  through  the  liquid  so  that 
separate  flakes  cannot  be  perceived,  it  is  only  sulphur,  and 
may  be  disregarded  f  if  it  be  distinctly  orange-red  (see 
note  to  198),  it  is  sulphide  of  antimony,  and  the  presence 
of  that  metal  should  be  confirmed  by  additional  tests  (239, 
262) ;  if  the  precipitate  be  pale  yellow ,  it  is  probably  bisul¬ 
phide  of  tin,  and  indicates  the  presence  of  tin  in  the  form 
of  binoxide,  or  some  corresponding  compound;  this  result 
should  be  confirmed  by  (231)  and  (233).  If  the  precip¬ 
itate  be  bright  yellow,  it  is  probably  tersulphide  of  arsenic, 
indicating  the  presence  of  arsenious  acid,  or  of  some  cor¬ 
responding  compound ;  confirm  by  (249)  and  (250).  A 
decidedly  broicn 2  precipitate  is  probably  protosulphide  of 
tin,  indicating  the  presence  of  tin  as  protoxide  or  some 
corresponding  compound ;  confirm  by  (229)  and  (230).  A 
black  precipitate  may  be  either  sulphide  of  lead,  sulphide 
of  mercury,  sulphide  of  bismuth,  or  sulphide  of  copper. 
To  distinguish  between  these,  separate  portions  of  the 
original  solutions  must  be  tested  according  to  the  directions 
given  in  (200),  (201),  (215),  (218),  (221),  and  (224). 

276.  Should  no  precipitate,  except  sulphur,  be  produced 
by  hydrosulphuric  acid,  the  solution  must  be  boiled ;  if  a 
yellow  precipitate  be  then  produced,  it  is  probably  either 
bisulphide  of  tin,  which  may  be  further  proved  by  (231), 
and  (234);  or  tersulphide  of  arsenic  resulting  from  the  de¬ 
composition  of  arsenic  acid  (273);  the  precipitate  must  be 
tested  by  (249)  and  (250). 

/ 

1  If  no  precipitate  (except  sulphur)  he  produced,  pass  on  to  (27b). 

2  It  is  advisable  not  to  rely  much  upon  the  difference  between 
brown  and  black  in  this  precipitate. 
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CHAPTER  III. 

METALS  BELONGING  TO  CLASS  II. 

Aluminum ,  Chromium,  Zinc,  Manganese,  Iron,  Nickel, 
and  Cohalt. 

The  metals  of  the  second  class  are  distinguished  from 
those  of  the  first  class  in  not  being  precipitated  when  their 
solutions,  containing  a  slight  excess  of  acid,  are  treated 
with  hydrosulphuric  acid. 


SECTION  I. 

Aluminum. 

A  solution  of  sulphate  of  alumina  (or  of  alum)  may 
be  used. 


277.  (C)  Hydrosulphate  of  ammonia  gives  a  very  trans¬ 
parent,  gelatinous  precipitate  of  hydrate  of  alumina,  and 
hydrosulphuric  acid  is  at  the  same  time  liberated. 

278.  (0)  Ammonia  throws  down  a  similar  gelatinous 
precipitate,  consisting  chiefly  of  hydrate  of  alumina,  with 
a  small  admixture  of  a  basic  salt  of  alumina ;  which  is 
almost  insoluble  in  an  excess  of  ammonia.  Compare  (292). 

279.  (C)  Potash  also  gives  a  precipitate  of  hydrate  of 
alumina,  which,  like  that  caused  by  ammonia,  usually  con¬ 
tains  a  little  basic  salt:  it  differs  from  it,  however,  in 
being  entirely  soluble  in  an  excess  of  the  precipitant.  If 
the  solution  in  potash  be  mixed  with  chloride  of  am¬ 
monium,  the  alumina  is  again  precipitated,  chloride  of 
potassium  being  formed,  and  ammonia  liberated. 

280.  Phosphate  of  soda  produces  a  gelatinous  precipitate 
of  phosphate  of  alumina;  soluble  in  hydrochloric  acid,  and 
reprecipitated  by  ammonia;  readily  soluble  in  potash,  and 
reprecipitated  by  acetic  acid. 
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SECTION  II. 

Chromium. 

A.  As  Oxide  of  Chromium  ( sesquioxide  of  chromium  or 
chromic  oxide )  or  some  corresponding  compound. 


A  solution  of  sulphate  of  chromium  (or  of  chrome  alum) 
may  be  used. 


281.  (C)  Hydrosulphate  of  ammonia  throws  down  a 
green ish- b  1  ue^preci p i t ate  of  hydrated  oxide  of  chromium. 

282.  (C )  Ammonia  also  produces  the  same  precipitate.1 

283.  (C)  Potash  also  throws  down  the  hydrated  oxide, 
which  is  soluble  in  a  very  slight  excess,  forming  a  green 
solution:  if  this  solution  be  boiled  for  a  minute  or  two, 
the  hydrated  oxide  is  again  precipitated.  If  too  large  an 
excess  of  potash  be  employed,  the  boiling  must  be  con¬ 
tinued  for  some  time  before  the  precipitate  appears. 

284.  (C)  Oxide  of  chromium,  when  fused  (on  platinum 
foil)  with  nitrate  of  potash  and  a  little  carbonate  of  soda 
(the  blowpipe  flame  being  directed  upon  the  under  surface 
of  the  foil),  yields  a  yellow  mass.  Here  a  portion  of  the 
oxygen  of  the  nitre  combines  with  the  oxide  of  chromium, 
converting  it  into  chromic  acid,  which  combines  with  the 
potash  or  soda,  forming  an  alkaline  chromate.  If  the 
mass  be  dissolved  in  water  and  acidulated  with  a  little 
acetic  acid,  the  solution  will  give  with  acetate  of  lead  a 
.bright  yellow'  precipitate  of  chromate  of  lead.2 

[For  another  blow'pipe  test,  see  (125).] 


1  A  small  portion  of  this  precipitate  redissolves  in  an  excess  of  am¬ 
monia,  forming  a  pale  pinkish  solution,  but  is  again  precipitated  when 
the  mixture  is  boiled. 

2  It  is  advisable  to  boil  the  acetic  solution  before  testing  with  ace¬ 
tate  of  lead,  in  order  to  decompose  any  nitrite  of  potash. 
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B.  As  Chromic  Acid. 


A  solution  of  bichromate  of  potash  may  be  used. 


285.  (C)  Hydrochloric  and  hydrosulphuric  acid  added  in 
succession,  the  latter  in  large  quantity,  change  the  red  color 
of  the  solution  to  green  (sesquichloride  of  chromium),  the 
solution  becoming  turbid  from  separation  of  sulphur,  the 
hydrogen  of  the  hydrosulphuric  acid  having  been  oxidized. 

286.  (C)  Hydrosulphate  of  ammonia  gives,  on  boiling,  a 
greenish-gray  precipitate,  consisting  of  a  mixture  of  sesqui- 
oxide  of  chromium  and  sulphur. 

287.  (C)  Chloride  of  barium  throws  down  a  yellow  pre¬ 
cipitate  of  chromate  of  baryta,  soluble  in  dilute  hydro¬ 
chloric  acid. 

288.  (C)  Nitrate  of  silver  produces  a  purple-red  precipi¬ 
tate  of  chromate  of  silver,  soluble,  though  with  some  diffi¬ 
culty,  in  nitric  acid. 

289.  (C)  Acetate  of  lead  gives  a  yellow  precipitate  of 
chrome  yellow  (chromate  of  lead),  insoluble  in  acetic  acid. 

SECTION  in. 

Zinc. 


A  solution  of  sulphate  of  zinc  may  be  used. 


290.  Hydrosulphuric  acid,  when  added  to  a  solution  of 
a  neutral  salt  of  zinc,  causes  the  precipitation  of  a  portion, 
of  it  as  sulphide;  but  if  the  solution  be  mixed  with  hydro¬ 
chloric  acid,  hydrosulphuric  acid  will  produce  no  precipi¬ 
tate. 

291.  (C)  Hydrosulphate  of  ammonia  gives  a  precipitate 
of  sulphide  of  zinc,  which,  if  the  zinc  salt  be  pure,  is  white;1 

1  If  the  yellow  hydrosulphate  of  ammonia  be  employed,  of  course 
any  excess  of  this  will  impart  a  yellow  appearance  to  the  white  pre¬ 
cipitate  suspended  in  the  liquid.  To  identify  a  very  small  quantity 
of  sulphide  of  zinc,  collect  it  upon  a  filter,  wash  it,  dissolve  it  in  a 
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but  if,  as  is  frequently  the  case,  any  iron  is  present,  the 
precipitate  will  be  more  or  less  colored,  owing  to  the  ad¬ 
mixture  of  a  little  of  the  black  sulphide  of  iron. 

292.  (C)  Ammonia  throws  down  a  white  gelatinous  pre¬ 
cipitate  of  hydrated  oxide  of  zinc,  which  is  very  readily 
soluble  in  excess.  The  presence  of  ammoniacal  salts  (chlo¬ 
ride  of  ammonium,  for  example),  prevents  the  precipita¬ 
tion.  Compare  (278). 

If  the  ammoniacal  solution  of  the  oxide  be  treated  with 
hydrosulphuric  acid,  the  white  sulphide  is  thrown  down. 

Ferrocyanide  of  potassium  added  to  the  ammoniacal  solu¬ 
tion,  gives  a  white  precipitate  of  ferrocyanide  of  zinc. 

293.  (C)  Potash  behaves  in  the  same  manner  as  ammonia, 
giving  a  precipitate  of  hydrated  oxide  of  zinc,  soluble  in 
excess.  Hydrosulphuric  acid  throws  down  the  white  sul¬ 
phide  from  the  potash  solution. 

294.  Identification  of  metallic  zinc. — Pour  a  little  dilute 
nitric  acid  upon  a  very  small  piece  of  metallic  zinc  in  a 
test-tube ;  it  dissolves  with  effervescence,  even  in  the  cold. 
Prove  the  presence  of  zinc  in  the  solution  by  adding  excess 
of  ammonia  and  hydrosulphuric  acid  (292). 

[For  the  blowpipe  tests,  see  (163,  164).] 

SECTION  IV. 

Manganese. 


A  solution  of  sulphate  of  manganese  may  be  used. 


295.  Hydrosulphuric  acid,  when  added  to  an  acidified 
•  solution  (formed  by  adding  a  few  drops  of  hydrochloric 

acid  to  a  little  of  the  solution),  gives  no  precipitate. 

296.  (C)  Hydrosidphate  of  ammonia  gives  a  flesh-colored 
precipitate  of  sulphide  of  manganese.  If  this  precipitate 

very  little  hot  nitric  acid,  add  a  trace  of  nitrate  of  cobalt  (not  enough 
to  give  a  pink  color),  then  carbonate  of  soda  in  excess,  boil  for  a 
minute  or  two,  dollect  the  precipitate  of  mixed  carbonates  of  zinc  and 
cobalt  upon  a  tilter ,  wash,  and  incinerate  the  filter  on  platinum  foil. 
If  zinc  be  present,  the  residue  will  be  bright  green  after  being  strongly 
heated,  especially  when  crushed  with  a  glass  rod. 
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be  exposed  to  the  air,  it  is  gradually  decomposed,  and  is 
converted  into  the  dark-brown  hydrated  sesquioxide,  in 
consequence  of  the  strong  attraction  of  oxide  of  manganese 
for  oxygen,  which  it  absorbs  from  the  air.1 

297.  (C)  Ammonia  throws  down  a  white  precipitate  of 
hydrated  protoxide  of  manganese,  which  if  shaken  with  air 
becomes  brown,  owing  to  the  formation  of  the  sesquioxide, 
as  in  the  last  experiment. 

If  chloride  of  ammonium  is  present  in  the  solution,  it 
prevents  the  precipitation  of  the  hydrated  protoxide;  owing 
to  the  formation  of  a  double  chloride  of  ammonium  and 
manganese,  which  is  not  decomposed  by  ammonia.  If  the 
ainmoniacal  solution  be  exposed  to  the  air,  the  brown  ses¬ 
quioxide  is  gradually  precipitated. 

298.  Potash  behaves  as  ammonia  in  solutions  of  man¬ 
ganese. 

299.  (C)  Carbonate  of  ammonia  throws  down  a  white 
precipitate  of  carbonate  of  manganese,  which  is  less  prone 
to  blacken  on  exposure  than  the  hydrated  oxide. 

[For  the  blowpipe  tests,  see  (137,  138).] 


SECTION  V. 

Iron. 

A.  As  Protoxide  (. Ferrous  oxide)  or  some  corresponding 
compound. 


A  solution  of  protosulphate  of  iron  may  be  used. 


300.  On  account  of  the  strong  tendency  of  the  protoxide 
of  iron  to  absorb  oxygen  on  exposure  to  the  air,  and  be- 

1  Sesquioxide  of  manganese,  manganic  acid,  and  permanganic  acid, 
would  not  escape  detection  bv  hydrosulphate  of  ammonia,  which 
would  convert  them,  by  reduction,  into  sulphide  of  manganese.  Man¬ 
ganic  acid  would  be  known  by  the  green  color  of  its  solutions,  which 
changes  to  the  red  of  permanganic  acid  on  adding  a  Little  nitric  acid. 
The  red  solutions  of  permanganic  acid  are  bleached  instantaneously 
by  hydrosulphuric  acid.  The  solutions  of  sesquioxide  of  manganese 
have  a  rose  color.  Binoxide  of  manganese  does  not  combine  with 
acids,  but  evolves  chlorine  when  heated  with  hydrochloric  acid. 
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come  sesquioxide,  especially  in  aqueous  Solutions  of  its 
salts,  it  is  .difficult  to  retain  the  protosalts  in  solution  with¬ 
out  some  admixture  of  sesquioxide;  so  that  in  testing  them, 
the  indications  of  some  of  the  reagents  are  frequently  more 
or  less  different  from  those  caused  by  a  pure  protosalt. 

301.  Hydrosulphuric  acid  produces  no  precipitate  in 
acidified  solutions  of  protoxide  of  iron :  a  slight  precipita¬ 
tion  of  sulphide  takes  place,  however,  in  neutral  solutions 
of  some  of  its  salts,  especially  when  the  acid  with  which  it 
is  in  combination  is  a  feeble  one. 

302.  (C)  Hydrosulphate  of  ammonia,  when  added  to 
neutral  solutions  of  protoxide  of  iron,  throws  down  a  black 
precipitate  of  sulphide  of  iron. 

303.  (C)  Ammonia  gives  a  precipitate  of  hydrated  prot¬ 
oxide  of  iron,  which  is  at  first  nearly  white,  but  almost 
immediately  becomes  greenish.  If  this  precipitate  be  ex¬ 
posed  to  the  air,  it  absorbs  oxygen,  and  is  changed  into 
hydrated  sesquioxide  or  peroxide,  which  has  a  reddish- 
brown  or  rust  color.  Chloride  and  some  other  salts  of 
ammonium  prevent  the  precipitation  of  the  protoxide  by 
ammonia,  forming  a  solution  of  a  double  salt  of  ammonia 
and  iron,  from  which  the  hydrated  peroxide  is  gradually 
precipitated  on  exposure  to  the  air. 

304.  Nitric  acid,  on  boiling,  converts  the  protoxide  of 
iron  into  sesquioxide,  which  gives  a  rust-colored  precip¬ 
itate  with  ammonia. 

305.  Potash  behaves  as  ammonia. 

306.  (C)  Ferrocyanide  of  potassium  throws  down  in  so¬ 
lutions  of  protoxide  of  iron  a  precipitate,  which  is  at  first 
almost  white,  but  rapidly  changes  to  pale  blue;  the  color 
becomes  darker  on  exposure  to  the  air,  owing  to  the  ab¬ 
sorption  of  oxygen,  and  formation  of  Prussian  blue. 

307.  (C)  Ferridcyanide  of  potassium  produces  in  solu¬ 
tions  of  the  protosalts  of  iron  a  beautiful  dark-blue  pre¬ 
cipitate,  similar  in  appearance  to  Prussian  blue,  consisting 
of  ferridcyanide  of  iron.  Compare  (313). 

[For  the  blowpipe  test,  see  (133).] 
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B.  yl.s1  Peroxide  of  Iron  ( Ferric  oxide)  or  some  cor¬ 
responding  compound. 


A  solution  of  tlic  perchloride  of  iron  may  be  used. 


308.  Ilydrosulphuric  acid  causes  in  neutral  or  acidified 
solutions  of  the  persalts  of  iron,  a  precipitation  of  sulphur, 
which  gives  the  solution  a  milky  appearance.  This  is 
owing  to  the  decomposition  of  the  Ilydrosulphuric  acid  by 
the  peroxide  or  perchloride  of  iron,  the  hydrogen  combin¬ 
ing  with  a  portion  of  its  oxygen  or  chlorine,  reducing  it 
to  the  state  of  protoxide  or  protochloride,  while  the  liber¬ 
ated  sulphur  is  precipitated  in  a  finely  divided  state. 

309.  (C)  Hydrosulphate  of  ammonia  separates  the  whole 
of  the  iron  from  solutions  of  its  persalts,  as  black  sulphide. 
If  the  solution  of  iron  is  very  dilute,  no  precipitate  ap¬ 
pears  at  first,  but  the  solution  becomes  green,  and  if 
allowed  to  stand  a  considerable  time,  the  sulphide  grad¬ 
ually  separates. 

310.  (C)  Ammonia  throws  down  the  hydrated  peroxide 
of  iron  in  the  form  of  a  bulky  reddish-brown  precipitate, 
which  is  insoluble  in  an  excess  of  ammonia,  and  is  un¬ 
affected  by  the  presence  of  ammoniacal  salts.  Compare 
(303). 

311.  (C)  Potash  produces  the  same  precipitate,  which  is 
insoluble  in  excess. 

312.  (C)  Ferrocyanide  of  potassium  produces  in  solu¬ 
tions  of  the  persalts  of  iron  a  beautiful  precipitate  of  ses- 
quiferrocyanide  of  iron,  or  Prussian  blue. 

This  is  an  extremely  delicate  and  characteristic  test  for 
the  persalts  of  iron,  as  the  precipitate  is  produced  even  in 
very  dilute  solutions.  In  testing  for  iron  with  ferrocy¬ 
anide  of  potassium,  however,  it  must  be  borne  in  mind 
that  when  added  to  a  solution  containing  much  free  acid, 
it  is  partially  decomposed,  and  a  little  Prussian  blue  is 
formed,  even  when  no  iron  is  present.1  As  the  presence 

1  This  applies  especially  to  mineral  acids;  in  testing  such  solutions 
it  is  advisable  that  the  addition  of  the  ferrocyanide  be  preceded  by 
that  of  acetate  of  potash,  so  that  the  mineral  acid  may  be  neutralized, 
and  acetic  acid  liberated  in  its  stead. 
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of  free  alkalies  also  interferes  with  the  formation  of  the 
blue  precipitate,  solutions  to  be  tested  with  it  should  be 
either  neutral  or  slightly  acid. 

313.  Ferridcyanide  of  'potassium  produces  no  precipitate 
with  persalts  of  iron  ;  it  gives,  however,  a  deep  red-brown 
color  to  the  solution.1  Compare  (307). 

314.  (C)  Acetate  of  ammonia  (prepared  by  adding  acetic 
acid  to  ammonia  till  the  solution  is  slightly  acid)  gives 
with  persalts  of  iron  (ferric  salts)  a  red  solution  of  ferric 
acetate.  If  this  be  diluted  with  much  water  and  boiled, 
the  whole  of  the  iron  is  precipitated  as  a  basic  acetate.  In 
this  way  iron  may  easily  be  separated  from  cobalt,  nickel, 
manganese,  and  zinc. 

Since  the  presence  of  a  large  excess  of  acid  hinders  the 
precipitation,  it  is  advisable  to  nearly  neutralize  very  acid 
solutions  with  carbonate  of  ammonia  before  adding  the 
acetate  of  ammonia. 

315.  Identification  of  metallic  iron. — Pour  some  dilute 
nitric  acid  upon  two  or  three  iron  filings;  accelerate  the 
solution  by  heat,  and  prove  the  presence  of  peroxide  of 
iron  by  testing  with  ammonia  (310). 


SECTION  VI. 
Nickel. 


A  solution  of  the  sulphate  of  nickel  may  be  used. 


316.  Hydrosulphuric  add  causes  no  precipitate  in  acidi¬ 
fied  solutions  of  nickel ;  but  if  the  solution  is  neutral, 
especially  if  the  acid  of  the  salt  be  a  feeble  one,  a  partial 
precipitation  of  sulphide  of  nickel  takes  place. 

317.  Hydrosulphate  of  ammonia  throws  down,  from 
neutral  solutions,  a  black  precipitate  of  sulphide  of  nickel 

1  Ferridcyanide  of  potassium,  which  contains  a  little  ferrocyanide 
(as  is  often  the  case  with  that  which  has  been  long  kept  in  solution  in 
the  laboratory),  gives  a  green  instead  of  a  brown  color  with  ferric 
salts. 
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which  is  slightly  soluble  in  excess,1  giving  a  brownish  tint 
to  the  solution.  Sulphide  of  nickel  is  sparingly  soluble  in 
dilute  hydrochloric  acid,  but  dissolves  immediately  on  ad¬ 
dition  of  nitric  acid. 

318.  (C)  Ammonia  causes  a  pale  green  precipitate  of 
hydrated  oxide  of  nickel,  which  redissolves  very  easily, 
with  a  blue  color,  when  the  ammonia  is  added  in  excess, 
owing  to  the  formation  of  an  ammoniated  salt  of  nickel. 
If  potash  be  added  to  the  ammoniacal  solution,  it  precip¬ 
itates  the  hydrated  oxide  of  nickel.  The  presence  of  ani- 
moniacal  salts  in  the  nickel  solution  prevents  the  precip¬ 
itation  by  ammonia. 

319.  (C)  Potash  also  throws  down  the  green  hydrated 
oxide  of  nickel,  which  is  insoluble  in  an  excess  of  potash. 

320.  Carbonate  of  ammonia  produces  a  precipitate  of 
carbonate  of  nickel,  which  redissolves  in  excess  to  a  blue 
liquid. 

321.  Cyanide  of  potassium  throws  down  a  precipitate  of 
cyanide  of  nickel,  which  has  a  yellowish-green  color :  it  re¬ 
dissolves  in  an  excess  of  the  alkaline  cyanide,  forming  a 
dull  yellow  solution  of  the  double  cyanide  of  nickel  and 
potassium,  from  which  the  cyanide  of  nickel  is  again  pre¬ 
cipitated  on  the  addition  of  dilute  hydrochloric  acid.  If 
the  precipitate  be  boiled  with  potash,  it  is  converted  into 
oxide  of  nickel,  cyanide  of  potassium  being  formed. 

322.  Ferridcyanide  of  potassium  produces  a  greenish- 
yellow  precipitate  of  ferridcyanide  of  nickel.  Compare 
(329). 

[For  the  blowpipe  test,  see  (142).] 

SECTION  VII. 

Cobalt. 


A  solution  of  the  nitrate  of  cobalt  may  be  used. 


323.  Hydrosulphuric  acid  gives  in  acidified  solutions  no 

1  That  is,  in  excess  of  the  ordinary  yellow  hydrosulphate;  the 
colorless  freshly  prepared  hydrosulphate  of  ammonia  does  not  dis¬ 
solve  it. 
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precipitate.'  If  the  solution  is  neutral,  a  slight  precipita¬ 
tion  of  the  black  sulphide  of  cobalt  takes  place. 

324.  (C)  Hydrosulphate  of  ammonia  throws  down  from 
neutral  solutions  a  black  precipitate  of  the  sulphide  of 
cobalt,  which  is  insoluble  in  hydrochloric  acid,  but  dis¬ 
solves  in  nitric  acid.1 

325.  (C)  Potash  throws  down  a  precipitate  of  a  blue 
color,  consisting  of  a  basic  salt  of  cobalt,  which  soon  be¬ 
comes  greenish  if  exposed  to  the  air,  owing  to  the  absorp¬ 
tion  of  oxygen ;  and  lastly,  especially  if  the  solution  be 
boiled,  dirty  red,  owing  to  the  formation  of  hydrated  oxide 
of  cobalt.  The  precipitate  is  insoluble  in  excess  of  potash. 
Compare  (319). 

326.  (C)  Ammonia  behaves  as  potash,  but  the  precip¬ 
itate  readily  redissolves  in  an  excess,  forming  double  salts 
of  cobalt  and  ammonia,  which  are  soluble  in  water. 
If  the  red  ammoniacal  solution  is  exposed  to  the  air,  it 
gradually  becomes  darker,  owing  to  the  absorption  of 
oxygen,  and  formation  of  peroxide  of  cobalt. 

327.  Carbonate  of  ammonia  gives  a  precipitate  of  car¬ 
bonate  of  cobalt,  which  readily  dissolves  in  excess  of  the 
precipitant,  yielding  a  red  solution. 

328.  (C)  Cyanide  of  potassium ,  when  added  to  a  solu¬ 
tion  of  cobalt,  gives  a  pale  brown  precipitate  of  cyanide  of 
cobalt,  which,  when  heated  with  an  excess  of  cyanide  of 
potassium,  readily  redissolves,  forming  cobalti-cyanide  of 
potassium.  The  addition  of  hydrochloric  acid  causes  no 
precipitate  in  this  solution,  thus  distinguishing  cobalt  from 
nickel.2  Compare  (321). 

329.  Ferrideyanide  of  potassium  gives  a  purple-brown 
precipitate,  or  in  very  dilute  solutions,  a  brown  coloration. 

[For  the  blowpipe  test,  see  (127).] 

Summary  of  Class  II. 

330.  In  order  to  ascertain  whether  a  solution  under  ex¬ 
amination  contains  a  metal  belonging  to  this  class,  acidu- 

1  Sulphide  of  cobalt  is  not  so  easily  dissolved  by  an  excess  of  yellow 
hydrosulphate  of  ammonia  as  sulphide  of  nickel  is. 

2  In  order  to  insure  the  complete  conversion  of  the  cobalt  into  co- 
balti-cyanide  of  potassium,  the  solution  should  be  boiled  for  a  minute 
or  two. 


126 


METALS  BELONGING  TO  CLASS  II. 


late  it  with  hydrochloric  acid  and  add  hydrosulphuric 
acid  ;  if  all  metals  belonging  to  Class  I  be  absent,  there 
will  be  no  precipitate  except,  perhaps,  of  sulphur,  which 
may  be  recognized  by  its  white  color  and  by  its  imparting 
a  milkiness  to  the  liquid  instead  of  separating  as  a  distinct 
precipitate.  On  adding,  to  another  portion  of  the  solution, 
chloride  of  ammonium,1  ammonia,  and  hydrosulphate  of 
ammonia,  the  metals  of  Class  II  will  be  precipitated,  and 
may  be  distinguished  to  some  extent  by  the  color  of  the 
precipitate,  it  is  not  advisable  to  attach  much  importance 
to  the  particular  line  of‘  the  precipitate,  since  it  is  so  easily 
modified  by  trifling  causes  ;  if  the  precipitate  be  decidedly 
black,  however,  the  presence  of  iron,  cobalt,  or  nickel,  is 
certain.  To  distinguish  between  them,  add  potash  to  a 
fresh  portion  of  the  solution ;  a  dingy  green  precipitate, 
changing  to  rust  color  by  exposure  to  air,  indicates  iron  as 
protoxide ;  a  rust-colored  precipitate  indicates  iron  as  ses- 
quioxide;  an  apple-green  precipitate  indicates  nickel;  and 
a  blue  precipitate  becoming  dirty  red  when  boiled,  cobalt. 
On  the  other  hand,  if  the  precipitate  produced  by  hydrosul¬ 
phate  of  ammonia  had  any  other  color  than  black,  the 
metal  present  would  be  either  manganese,  zinc,  chromium, 
or  aluminum.2  To  distinguish  between  them,  add  potash 
in  excess  to  a  fresh  portion  of  the  solution  ;  a  white  pre¬ 
cipitate  insoluble  in  excess,  and  rendered  brown  by  shak¬ 
ing  with  air,  indicates  manganese;  if  there  be  no  precip¬ 
itate,  boil  the  solution,  when  chromium  would  be  pre¬ 
cipitated  as  green  oxide ;  test  another  part  of  the  solu¬ 
tion  with  acetate  of  lead  for  chromic  acid  (289).  If  these 
give  no  indication,  aluminum  or  zinc  must  be  present. 
Add  excess  of  ammonia  to  a  fresh  portion  of  the  solution; 
a  transparent  gelatinous  precipitate  indicates  aluminum  ;  if 
there  be  no  precipitate,  zinc  must  be  present,  and  the  ad¬ 
dition  of  hydrosulphuric  acid  will  produce  a  white  precip¬ 
itate  in  the  ammoniacal  solution. 

331.  If  iron  be  present  in  combination  with  cyanogen, 
forming  a  ferrocyanide  or  ferrideyanide,  it  may  escape  de- 

1  To  prevent  the  precipitation  of  magnesia. 

2  The  phosphates  and  oxalates  of  the  alkaline  earths  would  also  be 
precipitated  here;  they  are  white,  and  would  be  distinguished  from 
alumina  and  oxide  of/zAnc  by  their  insolubility  in  potash. 
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tection  by  'the  ordinary  tests,  unless  the  cyanogen  be  de¬ 
composed  by  ignition  or  otherwise.  The  addition  of  proto¬ 
sulphate  or  perchloride  of  iron  would  at  once  indicate 
the  presence  of  ferro-  or  ferrid cyanogen  (306,  307,  312, 
313). 


CHAPTER  IY. 

METALS  BELONGING  TO  CLASS  III. 

Barium ,  Strontium,  Calcium,  and  Magnesium. 

332.  These  metals  are  distinguished  from  the  preceding 
by  not  being  precipitated  from  their  solutions  by  hydro- 
sulphuric  acid  or  hydrosulphate  of  ammonia. 


SECTION  I. 

Barium. 

333.  (C)  A  solution  of  chloride  of  barium  may  be  used. 
Carbonate  of  ammonia,  gives  a  white  precipitate  of  car¬ 
bonate  of  baryta. 

The  precipitate  will  be  easily  dissolved  on  adding  dilute 
hydrochloric  acid.  Since  the  sesqui  carbon  ate  of  ammonia 
is  generally  used,  it  is  necessary  to  boil  the  solution  in 
order  to  expel  the  extra  equivalent  of  carbonic  acid,  which 
would  retain  some  of  the  carbonate  of  baryta  in  solution. 

334.  Dilute  sulphuric  acid  produces  in  solutions  contain¬ 
ing  barium,  even  though  they  be  very  dilute,  a  copious 
white  precipitate  of  sulphate  of  baryta. 

This  precipitate  is  insoluble  in  acids. 

335.  (C)  Solution  of  sulphate  of  lime  causes  an  imme¬ 
diate  precipitate  of  sulphate  of  baryta.  This  is  the  most 
convenient  mode  of  applying  a  very  dilute  solution  of  a 
sulphate,  since  sulphate  of  lime  requires  about  500  times 
its  weight  of  water  to  dissolve  it.  Compare  (339). 

336.  (C)  Hydrofluosilicic  acid  causes  a  white  highly 
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crystalline  precipitate  of  silicofluoride  of  barium,  insoluble 
in  dilute  acids. 

[For  the  blowpipe  test  for  barium,  see  (114).] 


SECTION  II. 
Strontium. 


A  solution  of  nitrate  of  strontia  may  be  used. 


337.  (C)  Carbonate  of  ammonia  acts  as  with  solutions 
of  barium  (333),  carbonate  of  strontia  being  produced. 

338.  Sulphuric  acid  produces  a  white  precipitate  of  sul¬ 
phate  of  strontia  immediately,  if  the  solution  is  not  very 
dilute,  and  after  standing  a  short  time  if  it  is  so. 

339.  (C)  Solution  of  sulphate  of  lime  gives  no  immediate 
precipitate  in  solutions  of  strontium,  but  if  allowed  to 
stand,  sulphate  of  strontia  gradually  separates.  Heat 
hastens  the  precipitation.  Strontium  may  thus  be  distin¬ 
guished  from  barium  (335). 

[For  the  blowpipe  test,  see  (155).] 


SECTION  III. 
Calcium. 


A  solution  of  chloride  of  calcium  may  be  used. 


340.  (C)  Carbonate  of  ammonia  produces  a  white  pre¬ 
cipitate  of  carbonate  of  lime,  which  becomes  far  less  volum¬ 
inous  on  heating  the  solution ;  it  dissolves  very  readily  in 
hydrochloric  acid. 

341.  Sulphuric  acid,  when  added  to  concentrated  solu¬ 
tions  containing  calcium,  gives  an  immediate  white  precip¬ 
itate  of  sulphate  of  lime. 

If  the  solution  is  not  concentrated,  the  precipitate  may 
not  appear  at  once,  but  will  gradually  separate  in  the  form 
of  minute  crystals;  and  if  the  solution  is  very  dilute,  no 
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precipitation  will  take  place,  because  the  sulphate  of  lime, 
being  soluble  in  about  500  times  its  weight  of  water,  re¬ 
mains  dissolved  if  sufficient  water  is  present.  In  solutions 
of  sulphate  of  lime,  of  course  no  precipitate  is  produced 
by  either  of  these  reagents. 

342.  (C)  After  having  thrown  down  the  sulphate  of 
lime,  pour  the  mixture  on  a  filter,  and  test  the  filtered 
solution  with  ammonia  and  oxalate  of  ammonia  (343); 
sufficient  of  the  sulphate  will  have  been  retained  in  solu¬ 
tion  to  give  a  very  perceptible  precipitate  with  the  oxalate. 

343.  (C)  Oxalate  of  ammonia  is  an  extremely  delicate 
test  for  lime,  though  it  does  not  serve  to  distinguish  it  from 
baryta  and  strontia,  which  are  also  precipitated  by  it. 
When  added  to  a  solution  containing  it  even  in  a  highly 
diluted  state,  a  copious  white  precipitate  of  oxalate  of  lime 
is  produced. 

It  is  necessary  that  the  solution  should  contain  no  excess 
of  acid,  as  the  oxalate  of  lime  is  soluble  in  acid  solutions ; 
acetic  acid,  however,  does  not  dissolve  it. 

[For  the  blowpipe  test,  see  (118).] 


SECTION  IY. 
Magnesium. 


A  solution  of  the  sulphate  of  magnesia  may  be  used. 


344.  Ammonia,  when  added  to  a  neutral  solution  of 
magnesium,  separates  a  portion  of  it  in  the  form  of  hydrate 
of  magnesia,  which  appears  as  a  bulky  white  precipitate. 

The  rest  of  the  magnesium  remains  in  solution  as  a 
soluble  double  salt  of  ammonia  and  magnesia. 

345.  When  chloride  of  ammonium  has  been  added  to  a 
solution  containing  magnesium,  ammonia  no  longer  pro¬ 
duces  any  precipitate,  since  the  hydrate  of  magnesia  is 
soluble  in  chloride  of  ammonium. 

346.  (C)  Carbonate  of  ammonia  gives  no  precipitate  un¬ 
less  the  solution  is  boiled.  The  previous  addition  of  chlo¬ 
ride  of  ammonium  entirely  prevents  the  precipitation. 

347.  Phosphate  of  soda  gives  a  white  precipitate  of  phos- 
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phate  of  magnesia,  provided  the  solution  is  not  very  dilute, 
and  especially  on  boiling. 

348.  (C)  The  addition  of  chloride  of  ammonium  and  am¬ 
monia  to  the  magnesian  solution,  renders  the  phosphate  of 
soda  a  far  more  delicate  test  than  when  used  alone,  because 
under  those  circumstances  the  double  phosphate  of  am¬ 
monia  and  magnesia  is  produced,  which  is  less  soluble 
than  the  phosphate  of  magnesia,  and  is  consequently 
thrown  down  from  a  more  dilute  solution  than  would 
furnish  a  precipitate  with  phosphate  of  soda  alone.  If  the 
solution  is  very  dilute,  the  precipitate  does  not  appear  at 
once,  but  if  allowed  to  stand  some  little  time,  a  crystalline 
deposit  of  the  double  phosphate  gradually  separates.  Agi¬ 
tation  of  the  liquid  with  a  glass  rod  hastens  the  formation 
of  this  precipitate;  and  it  is  remarkable  that  if  the  tube  be 
rubbed  at  all  with  the  rod  during  agitation,  lines  of  minute 
crystals  are  there  first  deposited. 

As  the  double  phosphate  is  readily  soluble  in  an  excess 
of  acid,  and  slightly  so  in  water,  it  is  necessary  that  the 
solution  should  be  pretty  strongly  ammoniacal. 

It  will  be  observed  that  in  this  test,  the  effect  of  ammo¬ 
niacal  salts  in  the  solution  is  the  reverse  of  that  before 
described  (345).  When  mixed  with  ammOniaeal  salts  in¬ 
deed,  magnesia  can  be  precipitated  only  by  a  soluble  phos¬ 
phate. 

Salts  of  barium,  strontium,  and  calcium  being  also  pre¬ 
cipitated  by  phosphate  of  soda,  this  test  cannot  be  relied 
on,  unless  the  absence  of  those  metals  has  been  ascertained. 

349.  Baryta  water  (or  lime-water )  throws  down  a  white 
precipitate  of  hydrate  of  magnesia.  If  the  sulphate  of 
magnesia  be  used,  the  insoluble  sulphate  of  baryta  will  be 
thrown  down  at  the  same  time. 

Summary  of  Class  III. 

350.  Supposing  that  we  had  in  solution  a  salt  of  one  of 
the  metals  belonging  to  this  class — viz.,  barium,  strontium, 
calcium,  or  magnesium,  we  should  be  able,  without  any 
difficulty,  by  applying  a  few  of  the  most  characteristic 
tests,  to  ascertain  which  individual  of  the  class  it  was. 
Thus  we  should  find  that  hydrosulphuric  acid  and  hydro- 
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sulphate  of  ammonia  gave  no  precipitate,  from  which  we 
should  infer  that  the  metal  docs  not  belong  to  Class  I  or 
II.  It  might  then  be  tested  with  chloride  of  ammonium 
and  ammonia  and  carbonate  of  ammonia.  If  these  pro¬ 
duce  a  precipitate,  either  barium,  strontium,  or  calcium  is 
present.1  We  might  then  test  a  fresh  portion  of  the  solu¬ 
tion  with  sulphate  of  lime,  which  would  tell  us  whether 
barium  or  strontium  was  present  (335,  339) ;  if  not,  we 
should  add  to  another  portion  a  little  oxalate  of  ammonia, 
which,  if  the  metal  were  calcium,  would  throw  it  down 
as  oxalate  (343). 

351.  If  chloride  of  ammonium,  ammonia,  and  carbonate 
of  ammonia  gave  no  precipitate,  phosphate  of  soda  should 
be  added,  when,  if  the  base  were  magnesia,  the  double 
phosphate  of  ammonia  and  magnesia  would  be  precipi¬ 
tated  (348). 


CHAPTER  Y. 

METALS  BELONGING  TO  CLASS  IY. 

Potassium ,  Sodium,  and  Ammonium. 

352.  The  three  metals  belonging  to  this  class  are  chiefly 
characterized  by  the  solubility  in  water  of  most  of  their 
compounds,  and  the  consequent  difficulty  of  obtaining 
them  in  an  insoluble  form,  and  of  separating  them  from 
one  another  in  the  shape  of  precipitates.  They  are  dis¬ 
tinguished  from  all  other  metals  by  producing  no  precipi¬ 
tate  when  tested  with  either  of  the  three  classifying  tests, 
viz.,  hydrosulphuric  acid,  hydrosulphate  of  ammonia,  and 
carbonate  of  ammonia,  their  sulphides  and  carbonates  being 
all  soluble  in  water. 

Solutions  of  the  oxides  of  these  metals  (alkalies),  and  of 
their  carbonates,  are  alkaline  to  test-paper,  turning  red¬ 
dened  litmus  blue,  and  turmeric  brown. 


1  If  no  precipitate  is  produced,  pass  on  to  (351). 
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SECTION  I. 

Potassium. 

353.  Evaporate  a  drop  of  the  solution  of  a  compound  of 
potassium  (chloride  of  potassium  or  nitrate  of  potash,  for 
example)  upon  a  slip  of  thin  glass  or  of  platinum  foil,  and 
observe  that  the  dry  residue  is  fixed — that  is,  will  not  vola¬ 
tilize  upon  the  continued  application  of  heat. 

354.  (C)  Place  a  drop  of  the  solution  (e.  g.,  chloride  of  po¬ 
tassium),  with  a  glass  rod,  upon  a  piece  of  glass,  add  a  drop 
of  hydrochloric  acid ,  and  another  of  bichloride  of  platinum. 
Stir  them  well  together  with  the  rod,  and  observe  the  for¬ 
mation  of  a  yellow  crystalline  precipitate  of  the  double 
chloride  of  platinum  and  potassium  especially  upon  the 
lines  where  the  glass  has  been  rubbed  with  the  rod. 

If  the  solution  of  potassium  be  very  dilute,  a  consider¬ 
able  time  may  be  required  for  the  production  of  this  pre¬ 
cipitate. 

355.  Repeat  this  experiment  with  iodide  of  potassium  ; 
notice  the  red  color  due  to  biniodide  of  platinum,  and  the 
delay  in  the  appearance  of  the  precipitate. 

356.  (C)  Test  a  drop  of  the  solution  of  chloride  of  potas¬ 
sium,  upon  a  piece  of  glass,  with  a  strong  solution  of  tar¬ 
taric  acid.  On  stirring  briskly,  a  very  crystalline  white 
precipitate  of  bitartrate  of  potash  will  be  formed,  especially 
upon  the  lines  of  friction.  A  drop  of  hydrochloric  acid 
will  redissolve  it,  so  that  this  test  can  only  be  depended  on 
when  the  original  solution  is  neutral  or  alkaline.  Before 
testing  an  acid  solution  with  tartaric  acid,  it  should  be 
neutralized  with  carbonate  of  soda,  but  the  tartaric  acid 
must  alway  be  added  in  excess. 

[The  blowpipe  test  will  be  found  at  (149).] 

SECTION  II. 

Sodium. 

357.  Evaporate  a  drop  of  a  solution  containing  sodium 
( e.g .,  sulphate  of  soda)  upon  glass  or  platinum;  the  dry 
residue  will  not  volatilize  when  heated. 
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358.  (C)  Test  a  drop  of  the  solution  on  a  piece  of  glass 
with  antimoniate  of  potash.1 2  On  stirring  briskly,  a  white 
crystalline  precipitate  of  antimoniate  of  soda  will  be  de¬ 
posited,  especially  upon  the  lines  of  friction. 

Test  a  drop  of  any  dilute  acid  (as  hydrochloric)  with  anti¬ 
moniate  of  potash,  and  observe  that  it  gives  an  amorphous 
precipitate  of  hydrated  antimonic  acid,  showing  that  an 
acid  solution  must  not  be  tested  for  soda  until  it  has  been 
neutralized  with  potash  or  carbonate  of  potash. 

[The  blowpipe  test  for  sodium  will  be  found  at  (154).] 

SECTION  III. 

Ammonium ? 

359.  (C)  Evaporate  a  drop  of  solution  of  chloride  of  am¬ 
monium  upon  a  piece  of  glass  or  of  platinum  foil,  and  con¬ 
tinue  to  heat  the  dry  residue;  it  will  entirely  volatilize. 
(Compare  353,  357.) 

360.  (C)  Boil  some  solution  of  chloride  of  ammonium  in 
a  test-tube;  observe  that  no  smell  of  ammonia  is  perceived, 
but  add  a  little  potash,  and  the  liberated  ammonia  will  at 
once  be  recognized  by  its  odor  and  by  its  restoring  the  blue 
color  to  red  litmus-paper,  which  should  only  be  exposed  to 
the  vapor,  and  not  allowed  to  touch  the  tube. 

361.  Test  a  drop  of  solution  of  chloride  of  ammonium 
upon  a  slip  of  glass  with  bichloride  of  platinum,  which  will 
produce  a  precipitate  of  the  double  chloride  of  platinum 
and  ammonium  very  similar  to  that  obtained  with  a  com¬ 
pound  of  potassium  (354). 

362.  Mix  a  little  solution  of  carbonate  of  ammonia3  with 
tartaric  acid  upon  a  piece  of  glass ;  observe  how  easily  the 
precipitate  of  bitart  rate  of  ammonia  might  be  mistaken  for 
bitartrate  of  potash  (356). 

362a.  (Nessler’s  test.)  To  a  solution  of  perchloride  of 


1  The  bimetantimoniate  of  potash  of  Fremy. 

2  It  will  be  remembered  that  this  metal  is  not  known  in  the  un¬ 
combined  state. 

3  If  chloride  of  ammonium  were  employed  it  would  be  difficult  to 
obtain  a  precipitate,  since  it  is  very  readily  soluble  in  the  hydro¬ 
chloric  acid  liberated  by  the  decomposition. 
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mercury,  add  iodide  of  potassium  until  the  red  precipitate 
first  formed  is  just  dissolved;  then  add  excess  of  potash. 
The  solution  thus  prepared,  when  added  to  a  liquid  con¬ 
taining  even  a  very  minute  quantity  of  ammonia  or  of  one 
of  its  salts,  will  give  a  rich  brown  precipitate  composed  of 
mercury,  iodine,  and  nitrogen. 


Summary  of  Class  I V. 

363.  The  three  metals  of  the  alkalies  may  be  distin¬ 
guished  from  other  metals  by  their  producing  no  precipi¬ 
tate  with  either  hydrosulphuric  acid,  hydrosulphate  of 
ammonia,  or  carbonate  of  ammonia  ;  one  or  other  of  which 
causes  a  precipitate  with  all  the  other  metals.  Hence,  if 
we  have  a  solution  which  we  know  to  contain  a  metal,1 
and  we  find  no  precipitate  produced  in  it  on  the  applica¬ 
tion  of  those  tests,  we  conclude  that  the  metal  present  is 
either  potassium,  sodium,  or  ammonium. 

For  the  purpose  of  distinguishing  between  the  three 
metals  themselves,  we  may  first  test  for  ammonium,  by 
heating  with  potash  (360).  If  this  is  absent,  add  to  a 
tolerably  concentrated  solution  on  a  slip  of  glass,  some 
bichloride  of  platinum  or  tartaric  acid  (354,  356),  which 
will  enable  us  to  distinguish  between  potassium  and  so¬ 
dium.  If  these  tests  give  no  precipitate,  it  is  probable 
th^t  the  metal  is  sodium ;  which  may  be  confirmed  by  the 
behavior  of  the  solution  with  antimoniate  of  potash  (358), 
and  by  the  color  which  the  salt  imparts  to  the  blowpipe 
flame  (154). 

1  This  maj'be  inferred  when  a  solution  which  is  neutral  or  alkaline 
to  test-paper  leaves  a  fixed  residue  on  evaporation.  Of  course,  should 
the  residue  volatilize,  it  does  not  prove  the  absence  of  all  metals. 


NITROGEN. 
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CHAPTER  VI. 

N  ON-METALLIC  BODIES. 

SECTION  I. 

Nitrogen. 

364.  The  most  frequent  forms  of  combination  in  which 
this  element  is  met  with  are  ammonia  and  its  salts,  nitric 
acid  and  the  nitrates,  cyanogen  and  its  compounds,  and 
nitrogenized  organic  substances,  which  contain,  beside 
nitrogen,  carbon,  hydrogen,  and  sometimes  oxygen  and 
sulphur.  A  method  of  recognizing  nitrogen  in  this  last 
form  has  been  given  at  (145),  and  the  tests  for  ammonia 
have  been  already  described  in  the  section  on  ammonium. 
The  recognition  of  cyanogen  will  be  treated  of  hereafter. 
It  remains  to  be  seen  how  nitrogen  is  recognized  when  in 
the  form  of  nitric  acid  or  a  nitrate. 

Nitric  Acid. 

365.  Heat  a  little  powdered  nitrate  of  potash,  or  some 
other  nitrate,  with  concentrated,  sulphuric  acid;  vapors  of 
nitric  acid  are  evolved,  mingled  usually  with  red-brown 
vapors  of  peroxide  of  nitrogen. 

366.  (C)  Mix  some  solution  of  nitrate  of  potash  with 
about  an  equal  volume  of  concentrated  sulphuric  acid,  add 
a  few  copper  flings,  arid  apply  heat;  red-brown  vapors  are 
produced,  which  ere  seen  to  the  greatest  advantage  by 
looking  down  the  tube.  In  this  experiment,  the  nitric 
acid,  which  is  set  free  by  the  sulphuric  acid,  is  deoxidized 
by  the  copper,  being  converted  into  nitric  oxide,  which 
absorbs  oxygen  when  it  issues  into  the  air,  forming  red 
fumes  of  nitrous  acid  and  peroxide  of  nitrogen. 

367.  (C)  Shake  a  small  crystal  of  protosulphate  of  iron 
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with  solution  of  nitrate  of  potash  for  a  few  seconds,  with¬ 
out  waiting  till  it  is  entirely  dissolved,  and  pour  concen¬ 
trated  sulphuric  acid  very  carefully  down  the  side  of  the 
tube  (slightly  inclined),  so  that  it  may  form  a  distinct  layer 
at  the  bottom;  a  brown  or  pink  band  will  appear  where 
the  two  layers  of  liquid  are  in  contact.  If  the  quantity 
of  nitric  acid  present  be  very  minute,  several  minutes  may 
elapse  before  the  reaction  is  perceptible.  The  brown  com¬ 
pound  is  formed  by  the  union  of  protosulphate  of  iron 
with  nitric  oxide,  the  rest  of  the  oxygen  of  the  nitric  acid 
having  combined  with  another  portion  of  the  ferrous  sul¬ 
phate  to  convert  it  into  ferric  sulphate. 

If  the  tube  be  shaken  or  heated,  the  brown  compound 
is  decomposed,  and  the  color  disappears. 

[For  the  blowpipe  tests,  see  (143,  144).] 

SECTION  II. 

Sulphur. 

368.  Sulphur  is  most  frequently  met  with  in  the  form 
of  sulphuric  acid  or  a  sulphate;  much  less  frequently  as 
sulphurous  acid  or  a  sulphite,  or  as  a  hyposulphite  (a  salt 
of  hyposulphurous  acid).  It  also  commonly  occurs  as 
hydrosulphuric  acid  or  sulphuretted  hydrogen,  and  as  a 
sulphide  (a  combination  of  sulphur  with  a  metal). 

Sulphuric  Acid. 

369.  Mix  a  few  drops  of  strong  sulphuric  acid  (oil  of 
vitriol)  with  about  an  equal  quantity  of  water,  in  a  test- 
tube,  and  observe  the  heat  evolved.  Dilute  the  mixture 
with  three  or  four  volumes  of  water,  place  a  drop  upon  a 
piece  of  filter-paper,  and  dry  it  without  scorching  the 
paper;  observe  the  carbonization  of  that  part  of  the  paper 
which  was  moistened  with  the  acid. 

370.  (C)  Test  a  solution  of  sulphate  of  soda,  or  some 
other  sulphate,  with  chloride  of  barium;  a  heavy  white 
precipitate  of  sulphate  of  baryta  is  obtained,  which  is  in¬ 
soluble  in  dilute  hydrochloric  acid. 

[For  the  blowpipe  test,  see  (158).] 


SULPHUR. 


137 


Sulphurous  Acid. 

371.  (C)  Heat  a  little  sulphite  of  soda  with  dilute  hydro¬ 
chloric  acid;  sulphurous  acid  will  be  disengaged,  and  may 
be  recognized  by  its  odor  of  burning  sulphur. 

372.  (C)  Acidulate  a  solution  of  sulphite  of  soda  strongly 
with  hydrochloric  acid ,  and  introduce  a  fragment  of  zinc  ; 
sulphuretted  hydrogen  will  be  evolved,  and  may  be  known 
by  its  odor,  and  by  its  action  upon  paper  moistened  with 
acetate  of  lead  (378). 

373.  Chloride  of  barium  and  chloride  of  calcium  produce 
in  the  solution  of  a  sulphite  (e.  g.,  sulphite  of  soda)  white 
precipitates,  which  are  soluble  in  dilute  hydrochloric  acid.1 

374.  Nitrate  of  silver  produces  a  white  precipitate  of 
sulphite  of  silver,  which  becomes  reduced  to  the  metallic 
state  when  heated  in  the  liquid,  sulphuric  acid  being 
produced. 


Hyposulphurous  Acid. 

375.  (C)  Add  a  little  hydrochloric  acid  to  solution  of 
hyposulphite  of  soda ;  after  a  short  time  the  solution  be¬ 
comes  milky,  from  separation  of  sulphur,  and  evolves  the 
odor  of  sulphurous  acid.  The  change  is  accelerated  by 
heat. 

376.  Prepare  a  little  chloride  of  silver  by  precipitating 
nitrate  of  silver  with  chloride  of  sodium,  wash  it  by  de¬ 
cantation,  and  shake  it  with  solution  of  hyposulphite  of 
soda,  which  will  readily  dissolve  it,  producing  a  very  sweet 
solution. 

376a.  {C)  Nitrate  of  silver  produces,  with  a  solution  of 
hyposulphite  of  soda,  a  precipitate  which  is  at  first  white 
(hyposulphite  of  silver),  but  rapidly  passes  through  yellow 
and  brown,  finally  becoming  black  (sulphide  of  silver). 

Hydrosulphuric  Acid  and  Metallic  Sulphides. 

377.  (C)  Acetate  of  lead  gives,  with  solution  of  hydro- 


1  Since  commercial  sulphites  nearly  always  contain  sulphates,  the 
precipitate  will  seldom  be  found  to  dissolve  entirely. 

12 
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sulphuric  acid  or  a  sulphide,  a  black  precipitate  of  sulphide 
of  lead. 

378.  (C)  Pour  a  little  dilute  hydrochloric  acid  upon  a 
small  fragment  of  sulphide  of  iron  in  a  test-tube;  hydro- 
sulphuric  acid  is  evolved,  which  may  be  known  by  its 
odor,  and  if  a  piece  of  filter-paper  moistened  with  solution 
of  acetate  of  lead  be  held  at  the  mouth  of  the  tube,  it  will 
be  coated  with  a  black  shining  deposit  of  sulphide  of  lead. 

379.  Add  a  little  dilute  hydrochloric  acid  to  a  drop  or 
two  of  yellow  hydrosulphate  of  ammonia,  hydrosulphuric 
acid  is  given  off,  and  the  liquid  becomes  milky  from  the 
separation  of  sulphur. 

When  hydrosulphate  of  ammonia  is  first  prepared,  it  is 
colorless,  but  a  portion  of  the  hydrosulphuric  acid  is  grad¬ 
ually  decomposed  by  the  atmospheric  oxygen,  which  com¬ 
bines  with  its  hydrogen  to  form  water,  leaving  free  sulphur, 
which  dissolves  in  the  hydrosulphate,  giving  it  a  yellow 
color,  and  is  precipitated  on  adding  an  acid. 

380.  Boil  a  little  sulphide  of  iron  with  concentrated 
nitric  acid;  the  metal  is  oxidized  and  dissolved,  whilst  the 
sulphur  separates  in  gray  flakes,  which  rise  to  the  surface 
of  the  liquid,  and  eventually  fuse  into  yellow  globules. 
Dilute  the  solution  with  water,  filter  it,  and  test  with 
chloride  of  barium  for  the  sulphuric  acid  which  has  been 
formed  by  the  oxidation  of  a  portion  of  the  sulphur.1 

[For  the  blowpipe  test,  see  (157).] 


SECTION  III. 

Phosphorus. 

381.  This  element  is  generally  met  with  in  the  form  of 
tribasic  phosphoric  acid  or  a  tribasic  phosphate. 


1  Very  minute  quantities  of  the  alkaline  sulphides  may  be  detected 
by  nitroprusside  of  sodium ,  which  produces  a  fine  purple  coloration. 
Sulphur  in  organic  substances  (e.  g.,  in  hair)  may  be  detected  by  this 
test  if  the  substance  be  fused  with  carbonate  of  soda  on  platinum 
wire  in  the  reducing  flame  of  the  blowpipe,  and  the  sulphide  of  sodium 
thus  produced  be  dissolved  in  water.  Sulphates  might  be  detected  in 
the  same  way  by  fusing  them  with  carbonate  of  soda  and  charcoal. 
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Tribasic  Phosphoric  Acid  ( Orthophosphor  ic). 

A  solution  of  common  phosphate  of  soda  may  be  used. 

382.  (C)  Mix  a  little  solution  of  sulphate  of  magnesia 
with  chloride  of  ammonium  and  ammonia  (345),  and  add 
the  mixture  to  a  solution  of  phosphate  of  soda ;  a  white 
crystalline  precipitate  of  phosphate  of  magnesia  and  am¬ 
monia  will  be  produced.  If  the  solution  be  dilute,  the 
precipitate  is  formed  only  after  standing ;  its  deposition 
is  promoted  by  rubbing  the  side  of  the  tube  with  a  glass 
rod.  (Arsenic  acid  gives  a  similar  reaction.)1 

383.  (C)  Perchloride  of  iron  gives  a  nearly  white  pre¬ 
cipitate  of  phosphate  of  iron  (ferric  phosphate)  which  is 
insoluble  in  acetic  acid,  but  dissolves  readily  in  hydro¬ 
chloric  acid.  (Arsenic  acid  gives  a  similar  reaction,  but 
arseniate  of  iron,  after  washing,  dissolves  in  ammonia, 
whilst  phosphate  of  iron  is  decomposed  and  becomes 
brown.) 

384.  (C)  Dissolve  a  very  little  bone-ash  (phosphate  of 
lime)  in  as  little  dilute  hydrochloric  acid  as  possible,  add 
a  little  perchloride  of  iron,  and  some  acetate  of  potash  or 
acetate  of  ammonia  (prepared  by  mixing  ammonia  with 
acetic  acid  to  acid  reaction) ;  collect  the  precipitated  phos¬ 
phate  of  iron  upon  a  filter,  wash  it,  dissolve  off  the  filter 
with  a  little  warm  dilute  hydrochloric  acid,  mix  the  solu¬ 
tion  with  excess  of  ammonia  and  hydrosulphate  of  am¬ 
monia,  boil,  filter  off'  the  black  sulphide  of  iron,  and  test 
the  solution  for  phosphoric  acid  as  in  (382). 

385.  Chloride  of  barium  produces  in  a  solution  of  phos¬ 
phate  of  soda  a  white  precipitate  of  phosphate  of  baryta, 
which  is  soluble  in  dilute  hydrochloric  acid.  Compare 
(370). 

386.  Chloride  oj  calcium  gives  a  white  precipitate  of 
phosphate  of  lime,  which  readily  dissolves  in  acetic  acid 
(424) ;  the  solution  gives  a  white  precipitate  with  per¬ 
chloride  of  iron,  which  must  be  added  in  very  small 
quantity. 

1  But  the  arseniate  of  magnesia  and  ammonia,  when  washed  and 
treated  with  nitrate  of  silver,  becomes  red-brown,  whilst  the  phos¬ 
phate  becomes  yellow.  i 
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387.  (C)  Nitrate  of  silver  gives  a  yellow  precipitate  of 
tribasic  phosphate  of  silver,  which  is  soluble  both  in  am¬ 
monia  and  nitric  acid.  (Arsenic  acid  gives  a  brown  pre¬ 
cipitate.)  ' 

388.  (C)  Dissolve  a  very  little  bone-ash  (phosphate  of 
lime)  in  dilute  nitric  acid,  and  add  a  little  molybdate  of 
ammonia.  The  solution  becomes  yellow,  and  when  heated 
deposits  a  yellow  precipitate  containing  phosphoric  acid, 
molybdic  acid,  and  ammonia.1  (Arsenic  acid  gives  a 
somewhat  similar  reaction,  but  only  on  boiling  the  liquid.) 

389.  Heat  a  crystal  of  common  phosphate  of  soda  to 
redness  on  platinum  foil  or  wire ;  dissolve  it  in  water,  and 
test  with  nitrate  of  silver.  Instead  of  the  yellow  tribasic 
phosphate,  it  will  give  a  white  granular  precipitate  of  the 
bibasic  phosphate  (pyrophosphate),  corresponding  to  the 
pyrosphospate  of  soda,  into  which  the  common  phosphate 
has  been  converted  by  the  action  of  heat. 

[For  the  blowpipe  test  see  (148).] 

SECTION  IY. 

Chlorine. 

390.  The  most  frequently  occurring  forms  of  combina¬ 
tion  of  chlorine  are  hydrochloric  acid,  and  the  chlorides 
formed  bv  the  union  of  chlorine  with  a  metal.  It  is  also 
occasionally  met  with  in  combination  with  oxygen,  as 
chloric  acid  and  the  chlorates,  or  hypochlorous  acid  and 
the  hypochlorites. 

Hydrochloric  Acid  and  Metallic  Chlorides. 

391.  (C)  Add  nitrate  of  silver  to  a  solution  of  chloride  of 
sodium,  or  any  other  chloride;  a  white  curdy  precipitate  of 
chloride  of  silver  will  separate,  unless  the  solution  be  ex¬ 
tremely  dilute,  when  a  milkiness  only  would  be  perceived. 

1  This  is  by  far  the  readiest  test  for  phosphoric  acid  in  combination 
with  the  earths  or  alkaline  earths.  It  is  necessary,  however,  that 
they  should  be  dissolved  in  nitric  acid,  since  hydrochloric  acid  hin¬ 
ders  the  formation  of  the  yellow  precipitate ;  and  the  temperature 
should  not  be  raised  above  100°  F.,  lest  arsenic  acid  be  precipitated. 
The  molybdate  of  ammonia  must  be  added  in  large  proportion  rela¬ 
tively  to  the  phosphoric  acid  present. 
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Pour  a  part  of  the  liquid  containing  the  precipitate  into 
another  tube,  and  test  the  remainder  with  nitric  acid, 
which  will  not  dissolve  it,  although  it  may  cause  it  to 
shrink  together  and  undergo  an  apparent  diminution. 

Shake  the  other  portion  with  ammonia,  which  will  im¬ 
mediately  dissolve  it ;  on  adding  nitric  acid  to  the  ammo- 
niacal  solution,  the  chloride  of  silver  is  again  precipitated. 

392.  (C)  Pour  a  little  concentrated  sulphuric  acid  upon 
solid  chloride  of  sodium ;  it  froths  and  evolves  hydrochloric 
acid,  which  may  be  known  by  its  odor,  and  by  the  gray 
fumes  which  it  produces  in  moist  air. 

393.  (C)  Heat  a  little  solid  chloride  of  sodium,  or  other 
chloride  to  be  tested,  with  dilute  sulphuric  acid  and  binoxide 
of  manganese;  chlorine  is  evolved,  and  may  be  recognized 
by  its  odor,  and  by  its  property  of  bleaching  moistened 
test-papers. 

Chloric  Acid. 

394.  (C)  Place  a  small  fragment  of  chlorate  of  potash  in 
a  test-tube,  and  pour  upon  it  a  few  drops  of  strong  sulphuric 
acid ;  the  chlorate  is  decomposed,  yielding  perchlorate  of 
potash  and  peroxide  of  chlorine,  which  gives  the  mixture  a 
red  or  yellow  color,  and  escapes  in  the  form  of  a  greenish- 
yellow  gas  of  very  peculiar  odor. 

On  applying  a  gentle  heat  to  the  mixture,  sharp  detona¬ 
tions  are  often  perceived,  arising  from  the  decomposition  of 
the  peroxide  of  chlorine  into,  its  elements.  If  any  chloride 
be  present  in  the  chlorate,  the  detonations  often  take  place 
in  the  cold,  in  consequence  of  the  mutual  decomposition 
between  the  hydrochloric  and  chloric  acids  which  are  then 
evolved. 

395.  (C)  Heat  a  little  of  the  chlorate  in  a  small  sealed 
tube,  not  a  test-tube ;  it  is  decomposed,  and  if  the  heat  be 
continued  long  enough,  the  whole  of  the  oxygen  is  given 
otf,  chloride  of  potassium  being  left.  The  disengagement 
of  oxygen  may  be  proved  by  introducing  into  the  tube  a 
match  with  a  spark  at  the  end. 

Dissolve  the  residue  out  of  the  tube  with  water,  and  test 
the  solution  with  nitrate  of  silver,  which  will  give  a  pre¬ 
cipitate  of  chloride  of  silver,  insoluble  in  nitric  acid. 

395a.  Add  to  the  solution  of  chlorate  of  potash,  some 
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nitrate  of  silver,  to  be  sure  that  it  contains  no  chloride. 
To  another  portion,  add  two  or  three  drops  of  dilute  sul¬ 
phuric  acid,  and  a  piece  of  zinc;  the  hydrogen  then  pro¬ 
duced  will  convert  the  chloric  acid  into  hydrochloric  acid, 
which  may  be  detected,  after  a  minute  or  two,  with  nitrate 
of  silver  (391).  Heat  hastens  the  conversion. 

[For  the  blowpipe  tests,  see  (121,  123).] 


Hypocldorous  Acid. 


Solution  of  chloride  of  lime  (hypochlorite  of  lime  with 
chloride  of  calcium)  may  be  used. 


396.  (C)  Solutions  of  the  hypochlorites  bleach  indigo, 
litmus,  and  many  other  organic  coloring  matters  very 
readily,  when  mixed  with  a  little  dilute  sulphuric  acid, 
which  liberates  chlorine  from  the  commercial  hypochlo¬ 
rites,  recognized  by  its  odor.1 

397.  (C)  Sulphate  of  manganese  gives  a  black  precipitate 
of  binoxide  of  manganese. 


SECTION  V. 

Iodine. 

398.  We  are  most  likely  to  meet  with  iodine,  either  in 
the  free  state,  or  in  combination  with  hydrogen  as  hydri- 
odic  acid,  or  with  a  metal  as  an  iodide. 

Free  iodine  would  be  at  once  recognized  by  its  resem¬ 
bling  black  lead  in  appearance,  and  furnishing  violet  vapors 
of  peculiar  odor  when  heated. 


1  The  commercial  hypochlorites  always  contain  chlorides.  A  pure 
hypochlorite  would  disengage  hypoclilorous  acid,  the  smell  of  which 
differs  somewhat  from  that  of  chlorine. 


FLUORINE. 


143 


Hydriodic  Acid  and  Metallic  Iodides. 


A  solution  of  iodide  of  potassium  may  be  used. 


399.  (C)  Starch  added  to  a  solution  of  an  iodide,  gives 
no  reaction  unless  the  iodine  is  set  free  by  the  addition  of 
some  oxidizing  agent.  This  may  be  effected  by  concen¬ 
trated  nitric  acid,  which  should  be  added  drop  by  drop, 
when  the  purple  or  blue  color  of  the  iodized  starch  will  be 
perceived.  Strictly  speaking,  the  action  is  not  due  to  the 
nitric  acid,  but  to  the  nitrous  acid  and  peroxide  of  nitrogen 
which  are  contained  in  the  ordinary  specimens  of  the  acid. 

400.  (C)  Concentrated  sulphuric  acid,  heated  with  an 
iodide,  liberates  iodine,  recognized  by  its  violet-colored 
vapor,  which  imparts  a  blue  color  to  paper  impregnated 
with  starch.1 

401.  (C)  Nitrate  of  silver  gives  a  pale  yellow  precipitate 
of  iodide  of  silver,  insoluble  in  nitric  acid  and  in  ammonia. 

402.  (C)  Perchloride  of  mercury  gives  a  brilliant  red 
precipitate  of  iodide  of  mercury,  soluble  in  an  excess  either 
of  the  perchloride  or  of  iodide  of  potassium. 

403.  Bichloride  of  platinum  produces  a  dark  brownish- 
red  color.2 


SECTION  VI. 

Fluorine. 

404.  This  element  is  likely  to '  be  met  with  either  as 
hydrofluoric  acid,  or  as  the  fluoride  of  a  metal. 

Hydrofluoric  Acid  and  Metallic  Fluorides. 

405.  (C)  Moisten  a  little  fluor  spar  upon  a  piece  of  glass 
with  strong  sulphuric  acid,  heat  gently,  and  wash  off*  the 
mass  after  a  few  minutes,  when  the  glass,  beneath  will  be 
found  corroded  by  the  hydrofluoric  acid. 

1  Some  hydrosulphuric  acid  is  evolved  at  the  same  time. 

2  Bichloride  of  palladium  is  often  a  useful  test  for  iodides,  with 
which  it  produces  a  black  precipitate. 
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406.  (C)  Mix  some  floor  spar  with  sand,  and  heat  the 
mixture  with  concentrated  sulphuric  acid  in  a  dry  test-tube 
furnished  with  a  perforated  cork,  carrying  a  piece  of  glass 
tube  moistened  in  the  inside  ;l  fluoride  of  silicon  will  be 
evolved,  and  will  be  decomposed  by  the  water,  depositing 
a  white  coating  of  silica  upon  the  sides  of  the  moistened 
tube. 

407.  Fuse  upon  platinum  foil  a  mixture  of  very  finely 
powered  fluor  spar  with  three  or  four  parts  of  carbonate 
of  soda;  boil  the  fused  mass  upon  the  foil  in  a  dish  with 
water,  to  dissolve  out  the  fluoride  of  sodium,  and  thus 
separate  it  from  the  carbonate  of  lime.  Filter  the  solution, 
and  neutralize  it  carefully  with  acetic  acid. 

408.  Chloride  of  barium  added  to  a  portion  of  this  solu¬ 
tion  gives  a  translucent  precipitate  of  fluoride  of  barium, 
soluble  in  dilute  hydrochloric  acid. 

409.  Chloride  of  calcium  gives  a  similar  precipitate, 
almost  insoluble  in  acetic  acid. 


SECTION  VII. 

Boron. 

410.  The  ordinary  forms  of  combination  in  which  boron 
is  met  with  are  boracic  acid  and  the  borates. 


Boracic  Acid. 

411.  (C)  Add  dilute  .hydrochloric  acid,  drop  by  drop,  to 
a  solution  of  borax  (biborate  of  soda),  until  it  distinctly 
reddens  blue  litmus-paper;  dip  one  end  of  a  slip  of  turmeric- 
paper  into  the  acid  solution,  and  dry  it  at  a  little  distance 
above  the  flame,  being  careful  not  to  scorch  it;  the  yellow 
color  of  the  turmeric  will  be  changed  to  a  bright  orange- 
red.2 

1  Or  place  a  broken  test-tube,  moistened  inside,  with  its  border  in 
contact  with  that  of  the  tube  containing  the  fluoride,  so  that  the  gas 
evolved  must  pass  up  through  it.  Or  hold  a  wet  glass  rod  in  the 
fumes. 

2  A  solution  containing  0.25  per  cent,  of  boracic  acid  will  respond 

distinctly  to  this  test.  '  ~ 
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412.  (C)  Mix  a  solution  of  borax,  or  other  borate  to  be 
tested,  in  a  small  dish,  with  strong  sulphuric  acid  and 
alcohol,  kindle  the  mixture,  by  means  of  a  glass  rod  dip¬ 
ped  into  it,  and  stir  it  well,  in  a  dark  place;  the  flame  will 
be  tinged  with  green,  especially  at  the  edge,  a  part  of  the 
boracic  acid  being  deoxidized,  and  the  boron  burning  with 
a  green  flame.1 

413.  Make  a  very  strong  solution  of  borax,  by  boiling 
with  water,  allow  it  to  cool,  and  add  strong  hydrochloric 
acid ;  feathery  crystals  of  boracic  acid  will  be  deposited. 

414.  Chloride  of  barium ,  added  to  a  solution  of  borax, 
precipitates  biborate  of  baryta,  which  is  readily  soluble  in 
dilute  hydrochloric  acid.  Compare  (370). 

415.  Chloride  of  calcium  gives  a  white  precipitate  of  bi¬ 
borate  of  lime,  readily  soluble  in  acetic  acid.  Compare 
(424). 

Both  this  precipitate  and  the  preceding  one  are  soluble 
in  chloride  of  ammonium,  so  that  when  dissolved  in  hy¬ 
drochloric  acid,  they  are  not  generally  reprecipitated  by 
ammonia. 

416.  Nitrate  of  silver  gives  a  white  precipitate  of  borate 
of  silver,  which  is  easily  soluble  in.  nitric  acid.  Compare 
(391). 

[For  the  blowpipe  test,  see  (117).] 

SECTION  VIII. 

Silicon. 

417.  Silicic  acid  and  the  silicates  are  the  forms  in  which 
this  element  is  generally  met  with. 

Silicic  Acid. 

418.  (C)  Mix  a  little  finely -powdered  sand  (insoluble 
variety  of  silica)  with  four  parts  of  dry  carbonate  of  soda, 
and  fuse  the  mixture  for  two  or  three  minutes  upon  pla¬ 
tinum-foil,  directing  the  blowpipe  flame  upon  the  under 

1  If  copper  be  present  it  may  also  impart  a  green  flame,  and  must 
be  separated  before  applying  this  test. 

13 
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side ;  effervescence  takes  place,  from  the  carbonic  acid,  and 
silicate  of  soda  is  formed. 

Soak  the  platinum-foil  in  water  (in  a  dish),  and  the 
mass  will  dissolve ;  acidify  the  solution  with  hydrochloric 
acid,  and  divide  it  into  two  parts. 

419.  (C)  Evaporate  one  part  (acidulated  with  hydro¬ 
chloric  acid)  to  dryness,  in  a  dish,  and  treat  the  residue 
with  diluted  hydrochloric  acid  ;  the  chloride  of  sodium  will 
be  dissolved,1  but  white  flakes  of  insoluble  silica  will  be 
left,  and  may  be  seen  when  the  liquid  is  poured  out  into  a 
test-tube. 

420.  To  the  other  part  add  a  slight  excess  of  ammonia ; 
soluble  silica  will  separate  as  a  gelatinous  precipitate, 
which  might  easily  be  mistaken  for  alumina  (278). 

[For  the  blowpipe  tests,  see  (150,  151).] 

SECTION  IX. 

Carbon. 

421.  The  forms  of  combination  in  which  carbon  is  com¬ 
monly  met  with  in  the  analysis  of  inorganic  substances 
are  carbonic  acid  and  the  carbonates ;  but  since  this  ele¬ 
ment  is  present  in  all  organic  ( i .  e.,  animal  and  vegetable) 
substances,  the  various  forms  of  combination  in  which  it 
may  present  itself  are  far  too  numerous  to  be  considered 
in  this  work.  There  are,  however,  a  few  other  acids  con¬ 
taining  carbon  which  are  liable  to  be  encountered  in  the 
ordinary  course  of  analysis,  and  are  here  enumerated, 
their  chief  source,  whether  natural  or  artificial,  being  at 
the  same  time  recalled  to  the  mind  of  the  student. 

Oxalic  acid ;  from  wood  sorrel ;  rhubarb ;  action  of 
nitric  acid  on  starch  or  sugar,  and  of  hydrate  of  pot¬ 
ash  on  sawdust. 

Acetic  acid ;  from  vinegar ;  and  distillation  of  wood. 

Hydrocyanic  acid;  from  bitter  almonds;  prussiate  of 
potash. 

1  Water  would  have  sufficed  to  dissolve  the  chloride  of  sodium,  but 
sand  generally  contains  alumina  and  iron  which  the  hydrochloric  acid 
will  dissolve. 
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Hydroferrocyanic  acid  ;  from  yellow  prussiate  of  potash. 

Tartaric  acid  ;  from  juice  of  the  grape. 

Citric  acid  ;  from  lemon-juice. 

Tannic  acid ;  from  gallnuts. 

Gallic  acid ;  from  gallnuts. 

Benzoic  acid ;  from  gum  benzoin. 

Carbonic  Acid. 

422.  (C)  Add  dilute  hydrochloric  acid  to  solution  of  car¬ 
bonate  of  soda ;  notice  the  effervescence,  and  the  faint 
odor  of  the  carbonic  acid  evolved.  Put  a  little  powdered 
marble  or  chalk  into  a  test-tube,  pour  upon  it  some  dilute 
hydrochloric  acid,  and  incline  the  mouth  of  the  tube  over 
that  of  another,  half  filled  with  lime-water,  so  as  to  pour 
the  carbonic  acid  gas  into  the  second  tube,  but  not  any  of 
the  liquid ;  close  the  tube  containing  lime-water  with  the 
thumb,  and  shake  it,  vdien  it  will  become  milky,  from  the 
separation  of  carbonate  of  lime. 

If  the  quantity  of  carbonic  acid  be  very  small,  it  is 
better  to  pass  it  into  lime-water,  as  rep¬ 
resented  in  Fig.  06  ;  a  representing  the  test- 
tube  containing  the  carbonate,  from  which  the 
gas  is  conducted  by  the  bent  tube  c  into  the 
lime-wrater  in  b  ;  a  very  gentle  heat  may  be 
applied  to  promote  the  disengagement  of  the 
carbonic  acid.1 

423.  Chloride  of  barium  or  chloride  of 
calcium  added  to  a  solution  of  a  carbonate, 
will  produce  a  white  precipitate  of  carbonate 
of  baryta  or  of  lime,  readily  soluble,  with 
effervescence,  in  acetic  acid. 

Oxalic  Acid. 

424.  (C)  Add  some  chloride  of  calcium  to  a  solution  of 
an  oxalate  (e.  g.,  oxalate  of  ammonia) ;  a  white  precipitate 
of  oxalate  of  lime  is  produced,  even  though  the  solution 
be  very  dilute. 

1  Some  natural  carbonates,  especially  dolomite  (carbonate  of  lime 
and  magnesia),  and  native  carbonate  of  iron,  give  scarcely  any  effer¬ 
vescence  with  hydrochloric  acid  in  the  cold. 


Fig.  66. 
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The  precipitate  will  be  found  to  be  insoluble  in  acetic 
acid,  but  readily  soluble  in  hydrochloric  acid. 

425.  Chloride  of  barium,  added  to  oxalate  of  ammonia, 
will  give  a  white  precipitate  of  oxalate  of  baryta,  which  is 
soluble  in  dilute  hydrochloric  acid.  Compare  (370). 

426.  Heat  a  little  crystallized  oxalic  acid  in  a  small 
tube;  observe  that  a  great  part  volatilizes  unchanged,  con¬ 
densing  in  fine  needles  on  the  cooler  part  of  the  tube. 

427.  (C)  Pour  a  little  strong  sulphuric  acid  upon  some 
oxalic  acid,  or  any  oxalate  to  be  tested,  and  apply  heat; 
effervescence  ensues,  from  the  disengagement  of  carbonic 
acid  and  carbonic  oxide. 

The  carbonic  oxide  may  be  recognized  by  its  burning 
with  a  blue  flame  when  the  mouth  of  the  tube  is  applied 
to  a  light. 

428.  Heat  a  little  oxalate  of  lime  with  dilute  hydro¬ 
chloric  acid,  which  will  dissolve  it  without  effervescence; 
neutralize  the  acid  with  ammonia,  and  the  oxalate  will  be 
precipitated. 

429.  Place  some  oxalate  of  lime  upon  platinum-foil,  and 
heat  it  to  low  redness ;  the  salt  is  scarcely  changed  in  ap¬ 
pearance,  but  if  it  be  now  moistened  with  hydrochloric 
acid,  it  will  effervesce  violently,  having  been  converted 
into  carbonate  of  lime  by  calcination. 

If  the  solution  in  hydrochloric  acid  be  boiled,  to  expel 
free  carbonic  acid,  and  neutralized  with  ammonia,  no  pre¬ 
cipitate  will  occur  if  the  oxalate  has  been  completely  de¬ 
composed. 

430.  If  oxalate  of  lime  be  heated  with  dilute  sulphuric 
acid,  no  effervescence  takes  place,  but  on  adding  a  little 
black  oxide  of  manganese  there  will  be  a  brisk  effervescence ; 
due  to  the  escape  of  carbonic  acid  gas  produced  by  the 
oxidation  of  the  oxalic  acid  at  the  expense  of  the  oxide  of 
manganese. 


Acetic  Acid. 

431.  (C)  Pleat  a  little  acetate  of  lead  in  a  small  tube, 
sealed  at  one  end,  and  observe  the  peculiar  odor  of  acetone 
which  it  emits. 

432.  (C)  Pour  a  little  strong  sulphuric  acid  upon  some 
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acetate  of  lead,  or  other  acetate  to  be  tested,  in  a  test-tube, ' 
and  apply  heat,  when  acetic  acid  will  be  evolved,  which 
may  be  recognized  by  its  odor. 

433.  (C)  Repeat  the  last  experiment,  with  the  addition 
of  a  little  alcohol;  the  peculiar  agreeable  odor  of  acetic 
ether  will  be  perceived,  especially  when  the  mixture  has 
cooled. 

434.  Add  ammonia,  drop  by  drop,  to  acetic  acid,  till  the 
liquid  is  slightly  alkaline,  evaporate  it  gently  in  a  dish  till 
the  alkaline  reaction  is  no  longer  perceptible,  and  add 
per  chloride  of  iron  ;  a  red  color  (but  no  precipitate)  is  pro¬ 
duced,  due  to  the  formation  of  peracetate  of  iron ;  the 
color  does  not  disappear  on  adding  perchloride  of  mercury, 
which  bleaches  the  red  color  due  to  hydrosulphocyanic  acid. 

435.  Add  nitrate  of  silver  to  some  acetic  acid ;  no  pre¬ 
cipitate  is  produced,  but  if  a  little  ammonia  be  added,  and 
the  mixture  stirred  with  a  glass  rod,  a  beautiful  crystalline 
precipitate  of  acetate  of  silver  is  deposited.  An  excess  of 
ammonia  prevents  its  formation. 


Hydrocyanic  Acid,  or  the  cyanide  of  a  metal. 

436.  (C)  Mix  a  little  hydrocyanic  acid,  or  other  solution 
to  be  tested  for  cyanogen,  with  solution  of  potash,  add  a 
little  solution  of  protosulphate  of  iron,  then  some  perchlo¬ 
ride  of  iron,  and  finally  an  excess  of  dilute  hydrochloric 
acid  ;  a  precipitate  of  Prussian  blue  is  obtained,  or  if  there 
be  very  little  hydrocyanic  acid  present,  a  blue  color  is  ap¬ 
parent  in  the  solution.1 

437.  (C)  To  a  little  hydrocyanic  acid  add  a  few  drops 
of  yellow  hydrosulphate  of  ammonia,  and  evaporate  the 
solution  nearly  to  dryness  in  a  small  porcelain  dish  (until 

1  The  color  varies  through  different  shades  of  blue  and  green  ac¬ 
cording  to  the  proportions  in  which  the  iron  salts  are  added,  but 
either  color  maybe  taken,  if  well  marked,  as  affording  evidence  of 
the  presence  of  hydrocyanic  acid.  In  this  test,  the  potash  is  added  to 
convert  the  free  hydrocyanic  acid  into  cyanide  of  potassium  ;  the 
ferrous  sulphate  con  verts  this  into  ferrocyanide  of  potassium,  which 
may  be  viewed  as  a  compound  of  cyanide  of  potassium  and  ferrous 
cyanide.  On  adding  ferric  chloride,  Prussian  blue  is  formed,  which 
may  be  regarded  as  a  compound  of  ferrous  cyanide  with  ferric  cy¬ 
anide.  Hydrochloric  acid  is  added  to  neutralize  any  excess  of  potash 
which  would  decompose  the  Prussian  blue. 
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all  odor  of  the  hydrosulphate  has  disappeared) ;  sulpho- 
cyanide  of  ammonium  is  formed,  and  on  adding  a  little 
perchloride  of  iron,  will  give  the  blood-red  color  of  *sul- 
phocyanide  of  iron,  which  is  bleached  by  perchloride  of 
mercury1  (434). 

438.  (C)  Nitrate  of  silver  added  to  hydrocyanic  acid 
causes  a  white  precipitate  of  cyanide  of  silver,  which  is 
sparingly  soluble  in  cold,  dilute  nitric  acid,  but  dissolves 
in  the  concentrated  acid,  especially  on  heating.  Cyanide 
of  silver  also  dissolves  readily  in  ammonia,  and  is  partly 
precipitated  again  by  the  careful  addition  of  excess  of  nitric 
acid. 

When  cyanide  of  silver  is  dried,  and  heated  to  redness, 
it  evolves  cyanogen ;  if  the  experiment  be  performed  in  a 
small  glass  tube  closed  at  one  end,  the  cyanogen  may  be 
recognized  by  its  odor,  and  by  its  burning  with  a  pink 
flame.  If  the  cyanide  of  silver  be  heated  in  a  crucible, 
only  metallic  silver  remains,  which  is  entirely  dissolved 
by  nitric  acid,  whilst  chloride  of  silver  would  remain  un¬ 
changed. 

439.  Dilute  sulphuric  or  hydrochloric  acid  decomposes 
the  cyanides  (e.  g.,  cyanide  of  potassium),  evolving  hydro¬ 
cyanic  acid,  which  may  be  recognized  by  its  peculiar  odor. 


Ilydroferrocyanic  Acid,  or  the  ferrocyanide  of  a  metal. 

440.  (C)  Perchloride  of  iron,  added  to  an  acid  or  neutral 
solution  of  a  ferrocyanide  (e.  g.,  ferrocyanide  of  potassium), 
causes  a  dark-blue  precipitate  of  Prussian  blue. 

441.  Nitrate  of  silver  gives  a  white  precipitate  of  ferro¬ 
cyanide  of  silver,  not  dissolved  by  dilute  nitric  acid  or 
ammonia ;  decomposed  by  heat,  the  silver  being  reduced  to 
the  metallic  state. 

Ferrocyanide  of  silver,  allowed  to  remain  in  contact 
with  nitric  acid,  especially  if  heated,  becomes  converted 
into  orange-brown  ferrideyanide  of  silver,  which  is  soluble 
in  ammonia. 

1  The  analyst  must  not  be  misled  by  a  fugitive  red  color  produced 
by  the  perchloride  of  iron  with  the  hyposulphite  of  ammonia  result¬ 
ing  from  the  oxidation  of  the  sulphide  of  ammonium  by  the  air. 
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Tartaric,  Acid. 

442.  (C)  Heat  a  small  crystal  of  the  acid  on  platinum- 
foil,  or  on  a  slip  of  glass;  it  at  first  fuses,  and  is  afterwards 
decomposed,  with  deposition  of  carbon,  and  consequent 
blackening.  A  peculiar  and  characteristic  odor  is  at  the 
same  time  emitted. 

443.  Heat  a  small  fragment  of  bitartrate  of  potash  on 
platinum-foil,  before  the  blowpipe  or  over  a  spirit-lamp. 
The  tartaric  acid  is  thus  decomposed,  and  carbonate  of 
potash  is  at  the  same  time  formed.  Place  the  fragment  in 
a  test-tube,  and  add  a  few  drops  of  dilute  hydrochloric 
acid,  when  it  will  effervesce,  showing  the  presence  of  car¬ 
bonic  acid. 

444.  (C)  Mix  solution  of  tartaric  acid  with  a  drop  or 
two  of  ammonia,  still  leaving  the  solution  acid.  On 
shaking,  a  crystalline  precipitate  of  bitartrate  of  ammonia 
will  be  formed.  Add  enough  ammonia  to  redissolve  this, 
and  then  chloride  of  calcium.  A  gelatinous  precipitate  of 
tartrate  of  lime  will  be  formed.  Pour  part  of  this  into 
another  tube,  and  test  the  remainder  with  chloride  of  am¬ 
monium,  which  will  dissolve  it. 

When  the  other  portion  has  been  set  aside  for  some 
time,  it  will  have  become  crystalline,  and  will  then  refuse 
to  dissolve  in  chloride  of  ammonium,  or  even  in  acetic 
acid,  so  that  it  might  be  mistaken  for  oxalate  of  lime,  ex¬ 
cept  that  after  being  dissolved  in  hydrochloric  acid,  and 
mixed  with  chloride  of  ammonium,  it  will  be  found  not  to 
be  reprecipitated  by  ammonia  (428),  unless  the  solution  is 
briskly  stirred  with  a  glass  rod,  when  the  tartrate  of  lime 
is  deposited  in  a  very  crystalline  state,  especially  on  the 
lines  where  the  rod  has  rubbed  against  the  tube.  The  tar¬ 
trate  of  lime  precipitated  by  adding  chloride  of  calcium  to 
the  filtered  ammoniacal  solution  of  tartar-emetic,  does  not 
show  the  same  disposition  to  become  crystalline  as  is  ex¬ 
hibited  by  that  from  other  tartrates. 

445.  The  tartrate  of  lime  is  also  soluble,  after  washing, 
in  a  cold  solution  of  potash ;  if  the  potash  solution  be 
heated,  however,  the  tartrate  of  lime  separates  as  a  bulky 
precipitate,  but  redissolves  as  the  solution  cools. 
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446.  (C)  Carbonate  of  potash,  added  to  tartaric  acid,  in 
quantity  insufficient  to  neutralize  it,  produces  a  granular 
crystalline  precipitate  of  bitartrate  of  potash,  the  separa¬ 
tion  of  which  is  much  promoted  by  brisk  stirring  (356). 

447.  Acetate  of  potash  with  a  little  free  acetic  acid  will 
produce  the  same  precipitate  in  the  solution  of  a  neutral 
tartrate. 

448.  Tartaric  acid  and  the  tartrates,  when  present  in 
solutions  of  the  persalts  of  iron,  prevent  the  precipitation 
of  the  hydrated  peroxide  when  ammonia  or  potash  is 
added.  This  is  owing  to  the  formation  of  double  tartrates 
of  iron  and  the  alkali,  which  are  soluble  in  water,  and  are 
not  decomposed  by  an  excess  of  alkali.  Tartaric  acid  also 
prevents  the  precipitation  of  alumina,  protoxide  of  man¬ 
ganese,  and  some  other  oxides,  under  similar  circumstances. 

449.  When  tartaric  acid  is  heated  with  strong  sulphuric 
acid,  it  blackens  at  once;  if  the  mouth  of  the  tube  be  ap¬ 
plied  to  a  light,  it  will  be  found  that  carbonic  oxide  is 
passing  off  in  small  quantity. 


Citric  Acid. 

450.  (C)  When  heated,  citric  acid  at  first  melts,  and  is 
subsequently  decomposed,  emitting  pungent  fumes,  which 
may  be  distinguished  by  their  smell  from  those  formed  by 
tartaric  acid  under  similar  circumstances.  A  carbonaceous 
residue  remains. 

451.  (C)  Chloride  of  calcium,  when  added  to  citric  acid 
which  has  been  neutralized  with  ammonia,  gives  a  white 
precipitate  of  citrate  of  lime,  in  the  cold  if  the  solution  be 
concentrated,  but  only  on  boiling,  in  a  dilute  solution, 
which  is  insoluble  in  potash,  but  soluble  in  chloride  of 
ammonium.1  If  this  solution  be  boiled,  the  citrate  of  lime 
reprecipitates.  Free  citric  acid  gives  no  precipitate  with 
this  test.  Compare  (445). 

452.  (C)  Lime-water,  added  in  excess,  fails  to  produce 
a  precipitate  in  a  cold  solution,  but  if  the  mixture  be 

1  The  citrate  of  lime  precipitated  by  boiling  is  more  granular,  and 
is  much  less  easily  dissolved  by  chloride  of  ammonium  and  acetic 
acid  than  the  gelatinous  citrate  precipitated  in  the  cold. 
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boiled,  citrate  of  lime  is  thrown  down,  being  less  soluble 
in  hot  water  than  in  cold. 

453.  Citric  acid  and  the  soluble  citrates,  when  present 
in  solutions  containing  peroxide  of  iron,  alumina,  and 
some  other  metallic  oxides,  prevent  their  precipitation  by 
ammonia,  owing  to  the  formation  of  soluble  double  salts. 

454.  Citric  acid,  when  heated  with  strong  sulphuric  acid, 
is  decomposed  ;  carbonic  acid  and  carbonic  oxide  are  given 
otf  with  effervescence,  and  after  some  time,  sulphurous 
acid  is  formed,  and  the  mixture  becomes  dark-colored  (449). 

Benzoic  Acid. 

455.  (C)  When  heated  in  a  tube,  this  acid  sublimes,  and 
condenses  in  the  form  of  beautiful  feathery  crystals :  the 
vapor  has  a  peculiar  aromatic  odor,  and  causes  an  un¬ 
pleasant  sensation  in  the  throat,  inducing  coughing. 

456.  Perchloride  of  iron  gives,  in  neutral  solutions,  a 
light  yellowish-brown  precipitate  of  ferric  benzoate,  which 
is  soluble  in  acids,  and  is  decomposed  by  ammonia. 

457.  (C)  When  the  solution  of  an  alkaline  benzoate,  as 
benzoate  of  ammonia,  is  treated  with  strong  sulphuric  or 
hydrochloric  acid,  it  is  decomposed,  and  the  liberated  ben¬ 
zoic  acid,  being  almost  insoluble  in  water,  is  separated  in 
the  form  of  a  white  crystalline  precipitate ;  while  the  sul¬ 
phate  or  hydrochlorate  of  ammonia  remains  in  solution. 

Gallic  Add. 

458.  When  heated,  gallic  acid  is  charred,  and  emits  a 
peculiar  odor.  The  acid  is  sparingly  soluble  in  cold,  but 
dissolves  readily  in  hot  water,  crystallizing  easily  on  cooling. 

459.  (C)  Alkalies  mixed  with  solution  of  gallic  acid 
cause  it  to  become  brown  immediately,  by  absorption  of 
oxygen  from  the  air. 

460.  (C)  Perchloride  of  iron  produces  a  bluish-black 

precipitate.  t 

Tannic  Acid. 

461.  This  acid  is  also  charred  when  heated.  It  dissolves 
readily  in  cold  water. 
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462.  The  addition  of  an  alkali  causes  a  solution  of 
tannic  acid  to  become  brown  when  exposed  to  the  air. 

463.  (C)  Perchloride  of  iron  produces  a  bluish-black 
precipitate. 

464.  (C)  Dilute  sulphuric  acid  throws  down  a  white  pre¬ 
cipitate,  which  is  an  insoluble  compound  of  the  two  acids.1 


CHAPTER  VII. 

ORGANIC  ALKALOIDS. 

The  organic  alkaloids  which  are  most  likely  to  be  met 
with  in  ordinary  analysis  are — 

Morphine  (from  opium).  Quinine  and  Cinchonine 
Strychnine  (from  nux  (from  cinchona  bark). 

vomica). 


SECTION  1. 
Morphine. 


A  solution  of  the  hydrochlorate  of  morphine  may 
be  used. 


465.  Concentrated  nitric  acid  produces,  in  solutions  con¬ 
taining  morphine,  an  orange  color,  appearing  at  once  in 
pretty  concentrated  solutions,  but  only  after  a  time,  or  on 
boiling,  if  the  solution  be  dilute. 

466.  Neutral  perchloride  of  iron ,  with  neutral  solutions 
of  morphine,  gives  an  inky  blue  or  green  color. 

467.  Carbonate  of  soda  causes  the  separation  of  the  mor¬ 
phine  in  the  form  of  a  crystalline  precipitate,  especially  if 

1  The  reactions  of  uric  acid  will  be  found  in  Bowman's  Medical 
Chemistry. 
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the  solution  be  briskly  stirred  and  allowed  to  stand  ;  if 
this  be  collected  on  a  filter,  washed  with  a  few  drops  of 
cold  water,  and  moistened  with  neutral  perchloride  of  iron, 
the  inky  color  is  very  distinct ;  nitric  acid  changes  it  to  a 
bright  orange. 

(Opium.  Perchloride  of  iron  produces  the  fine  red  color 
due  to  the  meconate  of  iron,  which  is  not  bleached  by  per¬ 
chloride  of  mercury  (434,  437). 

Acetate  of  lead  causes  a  white  precipitate  of  meconate  of 
lead.) 


SECTION  II. 
Quinine. 


A  solution  of  the  sulphate  of  quinine  in  dilute  sulphuric 
acid  may  be  used. 


468.  Acid  solutions  containing  quinine  generally  exhibit 
a  blue  fluorescence  when  viewed  in  certain  lights. 

469.  Carbonate  of  soda  produces  a  bulky  precipitate  of 
hydrated  quinine,  which  shrinks,  after  a  time,  and  becomes 
crystalline ;  if  the  precipitate  be  suspended  in  water,  and 
treated  with  chlorine,  it  passes  through  various  shades  of 
violet  and  red. 

470.  Chlorine  water,  followed  by  ammonia,  produces  a 
blue  or  green  color  in  solutions  of  quinine.1 

SECTION  III. 

Cinchonine. 

471.  In  order  to  detect  the  presence  of  cinchonine  in 
sulphate  of  quinine,  ten  grains  of  the  salt  are  placed  in  a 
test-tube  with  two  drachms  of  washed  ether,  and  twenty 
drops  of  solution  of  ammonia  are  added.  The  mixture  is 

1  Quinidine  may  be  distinguished  from  quinine  by  the  solubility  of 
its  sulphate.  The  two  sulphates  may  be  readily  separated  by  wash¬ 
ing  the  mixture  with  a  saturated  solution  of  sulphate  of  quinine, 
which  dissolves  only  the  sulphate  of  quinidine. 
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agitated  violently, and  set  aside  fora  minute  or  two, when  it 
will  be  found  to  separate  into  two  layers,  the  lower  one  being 
an  aqueous  solution  of  the  sulphate  of  ammonia,  and  the 
upper  layer  an  ethereal  solution  of  quinine;  cinchonine 
being  insoluble  in  both,  will  be  seen  at  the  surface  of  the 
lower  layer. 

472.  Dissolve  cinchonine,  or  its  sulphate,  in  as  little 
hydrochloric  acid  as  possible,  and  add  ferrocyanide  of 
potassium.  A  yellow  fl Occident  precipitate  is  formed, 
which  dissolves  when  heated  with  an  excess  of  the  ferro¬ 
cyanide,  and  is  deposited,  on  cooling,  in  brilliant  yellow 
crystals,  which  have  a  very  characteristic  appearance  under 
the  microscope. 

SECTION  IY. 

Strychnine. 

473.  If  a  minute  particle  of  strychnine  be  moistened,  on 
a  piece  of  white  porcelain,  with  concentrated  sulphuric 
acid,  and  touched  with  a  drop  of  solution  of  bichromate  of 
potash  upon  the  end  of  a  glass  rod,  a  deep  blue  color  will 
be  produced,  afterwards  changing  to  violet  and  red.1 

474.  A  similar  change  of  color  is  observed  when  a 
drop  of  concentrated  nitric  acid  is  poured  upon  strychnine, 
and  a  few  particles  of  the  peroxide  (brown  oxide)  of  lead 
are  added. 

475.  If  a  solution  of  strychnine  in  an  acid  (hydrochloric) 
be  mixed  with  ammonia,  the  precipitate  which  forms  at 
first  is  redissolved  by  a  slight  excess  of  ammonia,  and  if 
the  solution  be  allowed  to  stand,  the  strychnine  crystal¬ 
lizes  in  distinct  needles. 

For  the  detection  of  the  poisonous  alkaloids  in  mixtures 
containing  organic  matter,  the  student  is  referred  to  Bow¬ 
man’s  Medical  Chemistry. 

1  This  test  is  rendered  more  delicate  by  mixing  the  strong  sulphu¬ 
ric  acid  with  a  trace  of  the  solution  of  bichromate  of  potash,  and 
adding  a  particle  of  the  substance  to  be  tested  for  strychnine. 


PART  III. 


QUALITATIVE  ANALYSIS  OF  SUBSTANCES,  THE 
COMPOSITION  OF  WHICH  IS  UNKNOWN. 


CHAPTER  I. 

476.  The  ultimate  object  of  qualitative  analysis  is,  of 
course,  to  ascertain  the  nature  of  the  elements  composing 
any  substance  presented  for  examination,  without  any  clue 
whatever  afforded  by  its  origin  or  history.  A  system  of 
analysis  adapted  to  this  purpose  must  be  so  framed  that  if 
all  the  non-metallic  and  metallic  elements  were  present  in 
the  same  substance,  none  should  interfere  with  the  detec¬ 
tion  of  the  others.  Such  a  method  is  of  necessity  some¬ 
what  complicated,  and  would  involve  a  great  loss  of  time 
if  applied  to  substances  containing  only  one  metal  and  one 
non-metallic  element,  or  one  base  and  one  acid.  Cases 
frequently  present  themselves  in  which  it  may  be  inferred, 
with  little  chance  of  error,  that  the  substance  to  be  ex¬ 
amined  is  of  this  description,  and  the  first  division  of  this 
part  of  the  work  will  therefore  be  devoted  to  the  syste¬ 
matic  course  for  the  analysis  of  such  substances,  which 
will  be  found  a  very  necessary  introduction  to  the  higher 
branch  of  analysis  in  which  the  most  complex  combina¬ 
tions  are  dealt  with.1 


1  In  the  Appendix  there  -will  be  found  a  list  of  salts,  &c.,  which 
may  he  taken  for  practice  in  qualitative  analysis.  The  student  should 
first  examine  a  few  of  each  kind  with  the  assistance  of  the  book,  until 
he  finds  himself  tolerably  familiar  with  the  processes;  after  which  he 
may  try  them  without  reference  to  the  printed  directions. 
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***  Tables  A  to  H,  in  the  Appendix,  contain  a  synopsis 
of  the  following  course,  which  will  be  found  very  con¬ 
venient  to  work  by. 

Qualitative  analysis  of  substances  containing 

ONLY  ONE  METAL  AND  ONE  NON-METAL,  OR  ONE  BASE 
AND  ONE  ACID. 


SECTION  I. 

Examination  of  a  Solid  Substance. 

477.  Observe  and  note  down1  the  appearance  of  the 
substance,  whether  it  is  crystalline  or  amorphous ;  its 
form  and  color ;  especially  whether  it  has  any  metallic 
appearance.2  In  the  latter  case,  pass  on  to  (493). 

478.  Place  a  fragment  of  the  substance  in  a 

SMALL  TUBE  OF  GERMAN  GLASS,  CLOSED  AT  ONE  END: 
HEAT  IT  FIRST  OVER  A  LAMP,  AND  AFTERWARDS  IN  THE 
FLAME  OF  THE  BLOWPIPE. 

(a)  It  undergoes  no  change,  and  emits  no  odor  or 

vapor. 

Absence  of  water ,  organic  matter,  &c.  Pass  on 
to  (479).  '  I 

(b)  It  fuses  without  any  other  apparent  change. 

Probable  absence  of  all  metals  except  potas¬ 
sium,  sodium,  barium,  strontium,  calcium,  and 
aluminum.  Absence  of  organic  matter.  Pass  on 
to  (479). 

(c)  It  volatilizes  entirely. 

Probable  absence  of  all  metals  except  ammo¬ 
nium,  mercury,  and  arsenic.  The  probability  is 

1  I  cannot  too  strongly  insist  once  more  on  the  importance  of  mak¬ 
ing  careful  and  accurate  notes  of  all  the  experiments  and  observations 
which  are  made;  they  are  not  only  often  absolutely  necessary  for 
reference  in  the  subsequent  stages  of  the  analysis,  but  the  practice  is 
also  of  the  greatest  value  to  the  student,  in  cultivating  habits  of 
correct  observation  and  facility  of  expression ;  besides  at  the  same  time 
impressing  the  facts  more  strongly  on  his  recollection  (2). 

2  In  examining  minerals  and  metals,  it  is  advisable  to  take  their 
specific  gravity,  when,  by  reference  to  a  table  (such  as  that  in  I)r. 
Thomson’s  Mineralogy,  vol.  i,  p.  710),  we  are  able  to  exclude  those 
bodies  which  differ  widely  in  their  specific  gravities  from  the  sub¬ 
stance  under  examination. 
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stronger  if  the  volatilization  takes  place  without 
the  aid  of  the  blowpipe.  Also  absence  of  boron 
and  silicon. 

(cl)  It  emits  brown  sulphurous  fumes,  condensing  in 
yellow  globules  upon  the  side  of  the  tube. 

Presence  of  sulphur. 

(e)  It  is  charred,  and  emits  some  peculiar  odor. 

Presence  of  an  organic  substance. 

( f )  Cyanogen  is  evolved  (burning  with  a  pink  flame). 

Presence  of  a  cyanide  or  ferrocyanide. 

(g)  Brown  nitrous  fumes  are  evolved. 

Presence  of  a  nitrate} 

479.  Pour  a  little  strong  sulphuric  acid  upon 

THE  POWDERED  SUBSTANCE  IN  A  TEST-TUBE,  and  heat 
gradually,  nearly  to  boiling,  testing  the  odor  and  com¬ 
bustibility  of  any  gas  evolved. 

(а)  No  evolution  of  gas  or  vapor  (except  that  of  sul¬ 

phuric  acid) ;  and  no  carbonization  ;  probable 
absence  of  all  acids  except  sulphuric,  phosphoric, 
boracic,  silicic,  arsenious,  arsenic,  antimonic,  and 
stannic.  Pass  on  to  (480). 

(б)  Effervescence,  even  without  heat ;  probably  car¬ 

bonic  acid  (nearly  •  inodorous),  hydrochloric  acid 
(pungent  fumes),  sulphurous  acid  (smell  of  burn¬ 
ing  sulphur),  hydrosulphuric  acid  (smell  of  putrid 
eggs,  indicating  a  sulphide),  or  hypochlorous  acid 
(smell  of  chlorine).  Pass  on  to  (480). 

(c)  Pungent  suffocating  acid  fumes  are  evolved; 

probably  hydrochloric  acid  (indicating  a  chloride), 
hydrofluoric  acid  (indicating  a  fluoride;  the  tube 
found  to  be  corroded,  after  washing  and  drying),1 2 
nitric  acid  (often  accompanied  by  brown  vapors). 

(d)  Violet  vapors  are  evolved ;  presence  of  iodine. 

Pass  on  to  (481). 

(e)  The  substance  becomes  yellow  or  red,  and  a  yel- 

1  The  student  is  reminded  that  the  systematic  examination  by  the 
blowpipe  (165)  will  be  of  great  service  in  confirming  the  results 
obtained  by  qualitative  analysis. 

2  If  hydrofluoric  acid  is  present,  the  fumes  will  probably  deposit 
opaque  silica  upon  a  wet  glass  rod  (406). 
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low  chlorous  gas  is  evolved ;  presence  of  chloric 
acid  (detonation  often  occurs  on  heating).  Pass 
on  to  (480). 

(/)  Combustible  gas  (carbonic  oxide)  is  evolved;  prob¬ 
ably  oxalic  acid,  hydrocyanic  acid  (indicating  a 
cyanide),  hydroferrocyanic  acid  (indicating  a  ferro- 
cyanide;  the  mixture  assumes  a  blue  color),  citric 
acid,  or  tartaric  acid  (carbonization). 

(g)  Vapors  of  acetic  acid  are  evolved ;  the  substance  is 
an  acetate.  Benzoic  acid  vapors  would  be  known 
by  their  odor. 

(/(.)  Carbonization  takes  place ;  presence  of  some  organic 
substance  other  than  the  acids  above  named.  ( Tar¬ 
taric,  gallic,  and  tannic  acids  would  be  carbonized 
by  sulphuric  acid.) 

480.  Heat  a  little  of  the  powder  with  dilute 
HYDROCHLORIC  acid,  observing  the  odor  of  the  gas,  if  any, 
evolved. 

(a)  The  gas  is  nearly  inodorous ;  probably  carbonic  acid 
(effervescence),  confirm  by  (422).  Pass  on  to  (481). 
(i b )  The  gas  has  the  odor  of  burning  sulphur ;  presence 
of  sulphurous  or  hyposulphurous  acid ;  confirm  by 
(372)  and  (375).  Pass  on  to  (481). 

(c)  The  gas  has  the  odor  of  putrid  eggs ;  presence  of  a 
sulphide;  confirm  by  (378).  Pass  on  to  (481). 
id)  The  gas  has  the  odor  of  chlorine ;  presence  of  an  in¬ 
different  metallic  oxide  (e.  g.,  the  peroxides  of  man¬ 
ganese  and  lead),  of  chloric  acid,  of  hypochlorous 
acid,  or  possibly  of  nitric  acid.  Pass  on  to  (481). 
(e)  An  odor  of  hydrocyanic  acid  is  evolved ;  presence 
of  a  cyanide  or  a  ferrocyanide  (blue  or  green  color). 
Pass  on  to  (481). 


To  Dissolve  the  Substance  for  Analysis. 

481.  Place  about  ten  grains  of  the  powdered  substance 
in  a  test-tube,  and  pour  upon  it  two  or  three  fluid  drachms 
of  distilled  water;  shake  them  well  together,  and  if  the 
substance  is  not  dissolved,  heat  to  boiling. 
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(а)  The  substance  is  entirely  dissolved.  Pass  on  to 

(496). 

(б)  A  great  portion  of  the  substance  is  dissolved.  Filter 

the  solution,  and  examine  it  by  (496). 

(c)  The  substance  is  not  dissolved  to  any  considerable 
extent.1  Pass  on  to  (482). 

482.  Boil  a  fresh  portion  of  the  substance  (or,  if  it  be 
scarce,  the  residue  left  in  (481)  with  dilute  hydro¬ 
chloric  acid).2 

(a)  It  is  entirely  dissolved.  Pass  on  to  (524). 

(b)  A  great  portion  of  it  is  dissolved.  Filter  the  solu¬ 

tion,  and  examine  it  by  (524). 

(c)  It  is  not  dissolved  in  any  considerable  quantity. 

Pass  on  to  (483). 

483.  Boil  a  fresh  portion  of  the  substance  with  dilute 
nitric  acid. 

(а)  It  is  entirely  dissolved.  Pass  on  to  (523). 

(б)  A  great  portion  of  it  is  dissolved.  Filter  the  solu¬ 

tion  and  examine  it  by  (523).  Ascertain  if  the 
residue  presents  the  characters  of  sulphur,  indicat¬ 
ing  a  sulphide  (380). 

(c)  It  is  not  dissolved  to  any  great  extent.  Pass  on  to 
(484). 

484.  Boil  a  fresh  portion  with  strong  hydrochloric 
acid,  and  add  strong  nitric  acid,  very  carefully,  drop 
by  drop. 

(а)  The  substance  is  dissolved.  Pass  on  to  (524). 

(б)  A  great  portion  of  it  is  dissolved.  Dilute  the  solu¬ 

tion  with  water,  filter,  and  examine  it  by  (524). 
Note  whether  the  residue  is  sulphur  (380). 

(c)  The  substance  is  undissolved.  Pass  on  to  (485). 


Analysis  of  a  single  Compound  insoluble  in  Water  and  Acids. 

485.  Should  the  substance  remain  undissolved  after  the 
above  course  of  treatment,  heat  a  small  portion  of  it  upon 

1  If  there  be  any  doubt,  filter  the  solution,  and  evaporate  a  drop  of 
the  clear  liquid  upon  a  slip  of  glass. 

2  Some  substances,  especially  peroxide  of  iron,  will  dissolve  only 
after  long  digestion  with  pretty  strong  hydrochloric  acid. 

14 
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a  piece  of  platinum-foil,  or  of  porcelain,  or  in  a  porcelain 
crucible,  or  in  a  piece  of  slightly  bent  hard  glass  tube  open 
at  both  ends. 

(ci)  It  glows  and  burns  away,  emitting  little  or  no 
smell ;  it  is  carbon  (and  of  course  is  black). 

( b )  It  fuses  and  burns  with  a  blue  flame,  emitting  sul¬ 

phurous  acid  ;  it  is  sulphur. 

(c)  It  fuses  to  a  brown  drop,  without  further  change; 

it  is  probably  chloride  of  silver,  and  will  dissolve 
when  heated  with  ammonia. 

(d)  It  undergoes  none  of  these  changes.  Pass  on  to 

(486). 

486.  Examine  the  substance  by  (405)  to  see  if  it  is  fiuor 
spar  (fluoride  of  calcium). 

487.  Examine  it  before  the  blowpipe,  on  a  platinum 
wire  moistened  with  hydrochloric  acid,  to  see  if  it  is  sul¬ 
phate  of  baryta  (green  flame)  or  sulphate  of  strontia  (crim¬ 
son  flame).1 

488.  Examine  it  by  fusing  on  charcoal  with  carbonate 
of  soda,  or  better,  with  cyanide  of  potassium,  to  see  if  it  is 
antimonic  acid  (110),  the  binoxide  of  tin  (161),  or  a  com¬ 
pound  of  lead  (134). 

489.  If  it  be  foum^  to  contain  lead,  boil  a  small  portion 
with  acetate  of  ammonia  (made  by  mixing  acetic  acid 
with  excess  of  ammonia) ;  if  it  be  sulphate  or  chloride  of 
lead,  it  will  be  dissolved,  and  the  solution  may  be  tested 
for  sulphuric  acid  with  choride  of  barium  (370),  for  chlo¬ 
rine  with  excess  of  nitric  acid  and  nitrate  of  silver  (391), 
and  for  lead  with  excess  of  acetic  acid  and  chromate  of  pot¬ 
ash  (201).  If  undissolved  by  acetate  of  ammonia,  it  is  prob¬ 
ably  silicate  of  lead.  Confirm  by  (151). 

490.  Fuse  it  with  a  bead  of  borax,  on  platinum  wire,  to 
see  if  it  is  sesquioxide  of  chromium  (125),  or  sesquioxide  of 
iron  (133). 

491.  Should  the  above  experiments  have  failed  to  con¬ 
vince  the  analyst  of  the  nature  of  the  insoluble  substance, 
it  must  be  reduced  to  an  impalpable  powder  (which  is  best 


1  Sulphate  of  lime  might  also  occur  here,  although  it  may  gener¬ 
ally  be  dissolved  by  boiling  with  hydrochloric  acid;  the  analyst  must, 
therefore,  not  be  too  hasty  in  inferring  the  presence  of  strontia  from 
the  color  of  the  dame  (155). 
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effected  in  an  agate  mortar),  mixed  with  three  or  four  times 
its  weight  of  dry  carbonate  of  soda  (or  better,  of  car¬ 
bonate  of  potash  and  soda),  and  thoroughly  fused  on  pla¬ 
tinum-foil,  or  in  a  platinum  crucible,1  with  the  aid  of  the 
blowpipe,  until  it  remains  in  a  perfectly  tranquil  state  of 
fusion.2 

The  fused  mass  is  then  allowed  to  cool,  and  heated  with 
water  for  some  time  (the  platinum-foil  being  immersed  in 
the  water). 

(а)  The  mass  is  entirely  dissolved  by  the  water ;  ab¬ 

sence  of  all  metals  except  'potassium,  sodium,  alu¬ 
minum,  chromium,  manganese,  zinc,  and  tin.  Mix 
the  solution  with  an  excess  of  hydrochloric  acid, 
evaporate  it  to  dryness,  heat  the  residue  with  dilute 
hydrochloric  acid,  filter  the  solution  from  the  sepa¬ 
rated  silica  (419),  and  examine  it  for  aluminum, 
chromium,  manganese,  zinc,  and  tin,  as  in  (524  et 
seq.).  If  none  of  these  be  present,  a  fresh  portion 
of  the  original  substance  must  be  examined  for 
potassium  and  sodium  by  (551). 

(б)  A  portion  of  the  mass  remains  undissolved;  the 

solution  is  filtered  off  (saving  the  residue  for  ex¬ 
amination  by  (492) ),  and  acidulated  with  hydro¬ 
chloric  acid  ;  one  portion  being  tested  for  sul¬ 
phuric  acid  with  chloride  of  barium,  the  other 
examined  as  in  (a). 

492.  The  undissolved  residue  is  washed  several  times 
with  water,  dissolved  off  the  filter  in  hot  dilute  hydro¬ 
chloric  acid,  evaporated  to  dryness ;  the  residue  heated 


1  Great  care  is  necessary  in  using  a  platinum  crucible,  that  nothing 
is  heated  in  it  which  is  likely  to  corrode  it.  Compounds  of  the  easily 
reduced  and  fusible  metals,  as  tin,  antimony,  lead,  bismuth,  &c.  ; 
substances  containing  sulphur,  as  metallic  sulphides  ;  caustic  alkalies, 
nitrohydroehloric  acid,  besides  many  other  substances,  are  all  more 
or  less  injurious.  When  a  platinum  crucible  is  heated  in  a  furnace 
or  open  fire,  it  must  be  placed  in  a  covered  earthen  crucible  to  pro¬ 
tect  it  from  injury;  a  little  pounded  magnesia  should  be  interposed 
between  them,  to  prevent  their  sticking  together,  as  at  a  high  tem¬ 
perature  the  surface  of  the  earthenware  is  liable  to  fuse. 

2  The  fusion  is  more  rapidly  effected  by  mixing  the  insoluble  sub¬ 
stance  with  twice  its  weight  of  dry  carbonate  of  soda,  twice  its  weight 
of  charcoal,  and  12  times  its  weight  of  dry  nitrate  of  potash.  The 
mixture  is  placed  in  a  clean  iron  tray  or  a  thin  porcelain  dish,  and  a 
lighted  match  applied  to  the  centre  of  the  heap. 
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with  dilute  hydrochloric  acid,  filtered  from  the  separated 
silica,  and  the  solution  examined  for  the  metal  according 
to  (524). 


SECTION  II. 

Examination  of  a  simple  Substance  having  a  metallic 
appearance. 

493.  A  fragment  of  the  substance  is  boiled  for  some 
time  with  dilute  nitric  acid. 

(а)  It  is  entirely  dissolved.  Pass  on  to  (523). 

(б)  It  is  dissolved,  with  separation  of  sulphur  (380). 

Filter  the  solution,  and  examine  by  (523). 

(c)  A  considerable  white  residue  is  left.  This  residue 

is  probably  either  antimonic  acid,  binoxide  of  tin, 
or  sulphate  of  lead.  Pass  on  to  (495). 

(d)  The  substance  remains  unaltered.  It  is  probably 

either  gold,  platinum,  carbon  in  the  state  of  graph¬ 
ite,1  or  iodine  (in  which  case,  violet  vapors  will 
be  evolved).  Examine  by  (494). 

494.  A  small  portion  of  this  residue,  or  of  the  original 
substance,  is  very  strongly  heated  on  platinum-foil. 

(а)  It  burns  slowly  away  ;  graphite. 

(б)  It  remains  unaltered ;  gold  or  platinum.  Dissolve 

it  in  a  mixture  of  hydrochloric  and  nitric  acids, 
dilute  the  solution,  and  add  protochloride  of  tin; 
gold  will  give  a  purple-brown  precipitate,  and  pla¬ 
tinum  a  dark  red  color. 

495.  Boil  another  fragment  of  the  substance  with 
STRONG  HYDROCHLORIC  ACID. 

(a)  It  rapidly  dissolves,  evolving  sulphuretted  hy¬ 

drogen  (378).  Presence  of  sulphide  of  antimony, 
or  sulphide  of  lead.  Filter  the  solution  and  test 
for  lead  with  dilute  sulphuric  acid  in  excess  (200), 
and  for  antimony  by  (238).  Confirm  by  blowpipe 
(110,  134). 

( b )  It  dissolves  slowly  with  effervescence,  but  no  escape 

of  sulphuretted  hydrogen.  Metallic  tin.  Test 

1  The  graphitoid  form  of  silicon  would  also  remain  unaltered. 
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the'  solution  with  perchloride  of  mercury 
(230). 

(c)  It  is  not  dissolved  by  hydrochloric  acid ;  metallic 
antimony.  Add  a  few  drops  of  strong  nitric 
acid.  Antimony  will  entirely  dissolve,  and  may 
be  tested  for  by  (238). 


SECTION  III. 


Examination  of  a  Liquid  containing  only  one  Metal  and 
one  Non-metal,  or  one  Base  and  one  Acid} 

PRELIMINARY  EXPERIMENTS. 

496.  Carefully  observe  the  color,  taste,  and  smell  of 
the  liquid. 

497.  Place  a  drop  upon  a  slip  of  thin  glass  and  evapo¬ 
rate  it  to  dryness  at  a  gentle  heat. 

(а)  No  residue  is  left  upon  the  glass ;  if  the  liquid  is 

colorless,  tasteless,  and  neutral  to  test-papers,  it  is 
simply  water.  In  any  other  case,  pass  on  to  (498). 

(б)  A  residue  is  left;  notice  its  appearance,  and  the 

action  of  heat  upon  it,  making  the  inferences 
stated  in  (478,  c,  d,  and  e). 

498.  Try  the  action  of  the  liquid  upon  blue  and  red 
litmus-paper. 

(a)  The  solution  is  neutral  or  acid  ;  pass  on  to  (501)  or 
(523). . 

(/>)  The  solution  is  alkaline  ;  pass  on  to  (499). 

499.  Mix  a  little  of  the  alkaline  solution  in  a  test-tube, 
with  enough  dilute  nitric  acid  to  render  it  distinctly 
acid.  If  no  change  is  produced,  pass  on  to  (501). 

(а)  Effervescence  takes  place,  with  evolution  of  a 

nearly  inodorous  gas ;  presence  of  an  alkaline  car¬ 
bonate  ;  pass  on  to  (501). 

(б)  The  liquid  becomes  milky ;  if  the  milkiness  does 

not  disappear  on  adding  more  nitric  acid  and 

1  Exclusive  of  any  acid  which  the  analyst  may  ha^e  employed  to 
dissolve  the  substance  under  examination. 
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gently  heating,  it  is  probably  sulphur,  and  indi¬ 
cates  the  sulphide  or  hyposulphite  of  a  metal  of 
the  third  or  fourth  class.  Test  for  a  sulphide 
with  acetate  of  lead  (377),  and  for  a  hyposulphite 
with  hydrochloric  acid  (375),  in  separate  fresh 
portions  of  the  original  solution.  Examine  for 
the  metal  by  (506). 

(c)  A  distinct  precipitate  separates,  which  is  not  dis¬ 
solved  by  more  nitric  acid ;  this  may  be  stannic 
acid,  arsenious  acid,  anthnonic  acid,  silicic  acid , 
benzoic  acid,  or  uric  acid,  which  must  have  been 
in  combination  with  an  alkali  in  the  original  solu¬ 
tion.  Filter  off  the  precipitate ;  test  the  solution 
for  ammonia  by  (360),  for  potash  by  (354),  and 
for  soda,  after  having  neutralized  with  a  little 
potash  or  carbonate  of  potash,  by  (358).  Pass  on 
to  (500). 

500.  Mix  the  original  alkaline  solution  with  a  consid¬ 
erable  quantity  of  hydrosulphuric  acid,  and  acidulate  it 

with  HYDROCHLORIC  ACID. 

(a)  A  yellow  precipitate  is  produced;  filter  off  the 

precipitate,  and  treat  with  warm  carbonate  of 
ammonia  ;  if  the  precipitate  dissolves,  arsenious 
acid  was  present ;  if  it  does  not  dissolve,  stannic 
acid.  Confirm  by  (252,  161). 

(b)  An  orange  precipitate  is  produced;  presence  of 

anthnonic  acid.  Confirm  by  (110). 

(c)  No  precipitate,  or  only  a  white  precipitate  is  pro¬ 

duced.  Acidulate  another  portion  of  the  original 
alkaline  solution  with  hydrochloric  acid,  and 
add  ammonia  in  excess ;  a  white  gelatinous  pre¬ 
cipitate,  undissolved  by  the  ammonia,  is  silicic 
acid.  Confirm  by  (419).  Benzoic  and  uric  acids 
would  be  dissolved  by  the  ammonia.1 

1  Benzoic  acid  may  be  recognized  by  its  feathery  appearance,  and 
by  its  dissolving  readily  on  boiling  the  solution  in  which  it  was  pre¬ 
cipitated,  emitting  its  peculiar  odor.  Uric  acid  would  be,  identified 
by  mixing  the  original  solution  with  excess  of.  nitric  acid,  evapor¬ 
ating  just  to  dryness,  and  treating  the  (yellow  or  red)  residue  with 
ammonia,  which  would  develop  the  pink  color  of  murexide. 
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CHAPTER  II.1 

ACTUAL  ANALYSIS  OF  SINGLE  COMPOUNDS2  IN  A 
STATE  OF  SOLUTION. 

SECTION  I. 

THE  SUBSTANCE  IS  KNOWN  TO  BE  DISSOLVED  IN 
WATER.3  • 

Examination  for  the  Metal. 

501.  Mix  a  small  portion  of  the  solution  with  potash 
in  excess,  and  boil  it.  If  the  smell  of  ammonia  is  percep¬ 
tible,  that  substance  is  present.  Confirm  by  (361). 

Hydrochloric  Acid  Test. 

502.  To  a  fresh  portion  of  the  solution,  in  a  test-tube, 
add  DILUTE  HYDROCHLORIC  ACID. 

(a)  No  precipitate  is  produced.  Pass  on  to  (504). 

(b)  A  precipitate  is  produced.  Add  an  excess  of  hy¬ 

drochloric  acid,  and  if  this  dissolves  it  pass  on  to 
(504).  But  if  the  precipitate  remains  undissolved, 
it  is  probably  either  chloride  of  silver ,  mercurous 
chloride,  or  chloride  of  lead.4 

503.  In  order  to  distinguish  between  them,  a  portion 


1  The  Testing  Tables  in  the  Appendix  will  often  be  found  useful  in 
the  examination  of  simple  substances. 

2  Including  all  simple  salts,  such  as  sulphate  of  potash,  chloride  of 
copper,  &c. 

3  This  may  always  be  inferred  when  the  liquid  does  not  taste 
strongly  acid. 

4  Sulphur  might  be  precipitated  here.  It  would  be  known  by  its 
not  separating  in  distinct  particles,  and  by  the  attendant  odor  of  sul¬ 
phurous  acid  (from  a  hyposulphite)  or  of  hydrosulphuric  acid  (from 
a  sulphide). 
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of  the  liquid  containing  the  precipitate  is  shaken  with 
excess  of  ammonia. 

(a)  The  precipitate  is  dissolved ;  the  metal  present  is 

Silver. 

(i b )  The  precipitate  becomes  dark-colored ;  the  metal 

present  is  Mercury,  in  the  form  of  a  mercurous 
compound. 

(c)  The  precipitate  remains  undissolved;  the  metal 

present  is  Lead,  confirm  by  (198)  and  (200). 

Hydrosulphuric  Acid  Test,  in  the  same  portion  of  the 
solution. 

504.  To  the  same  portion  to  which  hydrochloric  acid 
has  been  added,  add  hydrosulphuric  acid,1  in  quantity 
at  least  equal  to  the  volume  of  the  solution  employed,  and 
until  a  distinct  smell  of  the  gas  is  perceived  at  the  mouth 
of  the  tube  after  closing  it  with  the  thumb  and  shaking 
violently. 

(a)  No  precipitate  is  produced.  Pass  on  to  (505). 

( h )  A  milkiness  only  is  produced,  so  that  on  looking 
through  the  fluid,  no  distinct  particles  of  precip¬ 
itate  are  visible.2  This  is  due  to  sulphur  sepa¬ 
rated  from  the  hydrosulphuric  acid,  and  indicates 
the  presence  of  some  oxidizing  agent,  such  as  per¬ 
oxide  of  iron,  chromic  acid,  manganic  or  perman¬ 
ganic  acid,  nitrous  acid,  or  chloric  acid.  Chlorine 
and  sulphurous  acid  would  also  give  rise  to  sepa¬ 
ration  of  sulphur.  Pass  on  to  (505). 

(c)  A  black  or  brown  precipitate  is  produced.  This 
may  be  due  to  the  presence  of  Lead,  Copper,  JBis- 
muth,  Mercury,  or  Tin.3 

To  prove  which  of  these  it  is,  add  to  separate 
portions  of  the  original  solution,  in  test-tubes, 

1  Smell  the  hydrosulphuric  acid  before  using  it ;  unless  it  smells 
very  strongly  it  is  useless,  and  must  be  again  saturated  with  the  gas. 
If  it  be  preferred,  the  gas  may  ho  passed  through  the  solution  itself, 
previously  diluted  with  at  least  an  equal  volume  of  water. 

2  If  there  be  any  doubt,  pass  the  liquid  through  a  filter. 

3  Gold  and  platinum  would  also  give  a  black  or  brown  precipitate. 
Tbe  former  would  be  precipitated  as  a  purplish  powder  (from  the 
original  solution)  by  protosulphate  of  iron.  Platinum  would  give  a 
yellow  precipitate  with  chloride  of  ammonium. 
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the  following  tests,  until  one  of  them  is  found 
to  indicate  the  metal  present. 

(1)  Dilute  sulphuric  acid  ;  if  this  causes 

a  white  heavy  granular  precipitate, 
Lead  is  present.  Confirm  by  (201). 

(2)  Ammonia  ;  if  this  gives  a  rich  blue  solu¬ 

tion,  the  metal  is  Copper.  Confirm  by 
(226). 

(3)  Potash  ;  if  this  gives  a  yellow  precip¬ 

itate,  Mercury1 2  is  present  in  the  form 
of  a  mercuric  compound.  Confirm  bv 
(213,  216,  218). 

(4)  Add  to  a  little  of  the  original  solution, 

very  carefully,  Ammonia,  until  a  white 
precipitate  is  formed,  which  does  not 
disappear  on  shaking;  redissolve  this 
by  adding  dilute  hydrochloric 
acid  drop  by  drop,  using  as  little  as 
possible,  and  dilute  the  solution  with 
eight  or  ten  times  its  volume  of  water ; 
a  milkiness  indicates  Bismuth ? 

(5)  To  a  fresh  portion  of  the  original  solu¬ 

tion,  add  PERCHLORIDE  OF  MERCURY  ; 

the  production  of  a  white  or  gray 
precipitate  indicates  Tin  in  the  state 
of  protoxide  or  some  corresponding 
compound.  Confirm  by  (229). 

(d)  The  precipitate  caused  by  hydrosulphuric  acid 
is  yellow.  Either  Tin  or  Arsenic  is  present.3 

To  determine  which  of  these  it  is,  add  to  a 


1  If  mercury  were  present  in  the  form  of  cyanide,  it  would  not  be 
precipitated  by  potash.  If  this  be  suspected,  the  original  solution  may 
be  acidulated  with  hydrochloric  acid,  and  tested  by  (218).  The 
cyanogen  must  also  be  specially  tested  for,  by  decomposing  the  solu¬ 
tion  with  an  excess  of  yellow  hydrosulphate  of  ammonia,  filtering, 
evaporating  nearly,  to  dryness,  and  adding  perchloride  of  iron  (437). 

2  This  test  may  be  more  accurately  applied  by  evaporating  the  so¬ 
lution  in  hydrochloric  acid  almost  to  dryness  in  a  test-tube  or  a  small 
dish,  and  diluting  largely  with  water.  Bismuth  should  also  be  tested 
for  by  (222). 

3  Cadmium  would  also  furnish  a  yellow  precipitate,  distinguished 
from  the  sulphides  of  arsenic  and  tin  by  its  insolubility  in  sulphide  of 
ammonium. 
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portion  of  the  original  solution,  acidified  with 
hydrochloric  acid,  a  slight  excess  of  ammonia  ; 
if  this  causes  a  white  precipitate,  Tin  is  pres¬ 
ent  in  the  form  of  binoxide1  or  some  correspond¬ 
ing  compound  (confirm  by  234) ;  while,  if  the 
solution  remains  clear,  Arsenic  is  probably 
present,  as  arsenious  acid2  or  some  corresponding 
compound.  Confirm  by  (267). 

(e)  The  precipitate  produced  by  hydrosulphuric  acid 
is  orange.  Presence  of  antimony,  either  as  oxide, 
or  antimonic  acid.3  Confirm  by  (239). 

505.  If  hydrosulphuric  acid  has  caused  no  precipi¬ 
tate,  or  one  of  sulphur  only,  in  the  cold  solution,  heat 
the  same  portion,  still  smelling  strongly  of  hydrosulphuric 
acid,  to  boiling  for  a  minute  or  two. 

(a)  No  precipitate,  or  none  but  sulphur,  is  produced.4 

Pass  on  to  (506). 

(b)  A  yellow  precipitate  is  produced.  Either  Tin  (as 

binoxide  or  some  corresponding  compound)  or 
Arsenic5  (as  arsenic  acid)  is  present.  Proceed  ex¬ 
actly  as  in  (504d),  confirming  the  presence  of 
arsenic  acid  by  the  nitrate  of  silver  test  (272). 


II ydrosulphate  of  Ammonia  Test,  in  a  fresh  portion  of 
the  solution. 

506.  To  a  fresh  portion  of  the  original  solution  add 


1  If  the  original  solution  be  acid,  the  tin  is  probably  present  as 
bichloride,  but  if  it  be  alkaline,  the  stannic  acid  is  probably  combined 
with  an  alkali:  examine  for  the  alkali  us  in  the  analysis  of  complex 
substances. 

2  If  the  original  solution  be  alkaline,  the  arsenious  acid  is  com¬ 
bined  with  an  alkali,  which  should  be  sought  in  the  liquid  from  which 
the  arsenic  has  been  separated,  as  in  the  analysis  of  complex  sub¬ 
stances. 

3  I,f  the  original  solution  be  alkaline,  it  probably  contains  anti- 
moniate  of  potash,  and  will  give  a  crystalline  precipitate  with  car¬ 
bonate  of  soda  (358). 

4  The  precipitation  of  arsenic  acid  requires  a  large  excess  of  hydro¬ 
sulphuric  acicl,  and  often  takes  place  only  after  some  time,  even  if  the 
solution  be  boiled. 

5  If  the  original  solution  be  neutral  or  alkaline,  the  arsenic  acid  is 
probably  combined  with  an  alkali,  which  must  be  tested  for  by  (510). 
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chloride  of  ammonium,1  and  ammonia  in  excess,  SO  that 
it  may  be  distinctly  smelt  at  the  mouth  of  the  tube,  after 
the  latter  has  been  closed  by  the  thumb,  and  violently 
shaken.  If  a  precipitate  is  produced,  examine  its  appear¬ 
ance  (white  and  gelatinous,  alumina ;  dingy  green,  oxide 
of  chromium  or  protoxide  of  iron ;  red-brown,  peroxide  of 
iron),  but  pass  on,  notwithstanding,  and  add  hydrosul- 
phate  of  ammonia.  If  there  is  no  precipitate,  boil  the 
solution. 

(а)  No  precipitate  is  produced.  Pass  on  to  (507). 

(б)  A  black  precipitate  is  produced.  Either  Iron , 

Nickel,  or  Cobalt  is  present. 

To  distinguish  between  them,  add  to  a  fresh 
portion  of  the  original  solution,  potash  in 
excess. 

(1)  Dingy  green  precipitate,  becoming 

rusty  when  exposed  to  air,  indicates 
Iron  as  protoxide,  or  some  correspond¬ 
ing  compound.  Confirm  by  (307). 

(2)  Rust-colored  precipitate,  Iron  as  per¬ 

oxide,  or  some  corresponding  com¬ 
pound.  Confirm  by  (312). 

(3)  Pale  green  precipitate  by  potash ;  Nickel. 

Confirm  by  (317). 

(4)  Light  blue  precipitate,  becoming  dirty 

pink  or  brown  when  boiled ;  Cobalt. 
Confirm  by  (127). 

(c)  The  precipitate  by  hydrosulphate  of  ammonia  is 
not  black;  it  indicates  either  Aluminum,  Chro¬ 
mium,  Zinc,  or  Manganese .2 

To  distinguish  between  them,  add  to  a  fresh 
portion  of  the’  original  solution  AMMONIA  in 
excess. 

(1)  Pure  white  gelatinous  semi-transparent 
precipitate,  insoluble  in  excess,  and 

1  To  prevent  the  precipitation  of  magnesia  A  gelatinous  precipi¬ 
tate  by  chloride  of  ammonium  would  indicate  the  presence  of  silicic 
acid  as  a  silicate  of  potash  or  soda  (419). 

2  In  solutions  containing  barium,  hydrosulphate  of  ammonia  often 
causes  a  slight  white  precipitate  (hyposulphate  of  barium),  which 
may  be  distinguished  by  its  requiring  a  large  addition  of  the  hydro¬ 
sulphate  to  produce  any  considerable  quantity  of  it. 
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not  tinged  brown  by  shaking  with  air; 
Aluminum.  Confirm  by  (279).1 

(2)  Bluish-green  precipitate  ;  Chromium  in 

the  form  of  oxide  of  chromium.  Con¬ 
firm  by  (283). 

(3)  White  precipitate,  becoming  brown 

when  shaken  with  air ;  Manganese  in 
the  form  of  oxide,  or  some  correspond¬ 
ing  compound.  Confirm  by  the  blow¬ 
pipe  (138),  dipping  the  bead  into  the 
solution. 

(4)  No  precipitate,  or  a  precipitate  soluble 

in  excess ;  add  to  the  ammoniacal  solu¬ 
tion  a  single  drop  of  hytdrostjlphate 
of  ammonia;  if  this  causes  a  white 
precipitate,  the  metal  is  Zinc.  Confirm 
by  (293).  If  the  precipitate  is  flesh- 
colored,  it  indicates  Manganese,  either 
in  the  form  of  oxide,  sesquioxide,  man¬ 
ganic  acid,2  or  permanganic  acid.  (See 
footnote  to  (296).)  Confirm  by  the  blow¬ 
pipe  (138)  dipping  the  bead  into  the 
solution.  If  there  is  no  precipitate,  or 
only  a  slight  greenish-gray  precipitate, 
it  indicates  chromium  in  the  form  of 
chromic  acid.  Confirm  by  (289). 

Carbonate  of  Ammonia  Test,  in  a  fresh  portion  of  the 
solution. 

507.  To  a  fresh  portion  of. the  original  solution,  add 
CHLORIDE  OF  AMMONIUM,3  AMMONIA  ill  excess,  and  CAR¬ 
BONATE  of  ammonia.  Heat  gently. 

(а)  No  precipitate  is  produced.  Pass  on  to  (509). 

(б)  A  white  precipitate  is  produced.  Either  Barium, 

Strontium,  or  Calcium  is  present. 


1  If  the  original  solution  was  alkaline,  it  is  possible  that  silica  may 
be  mistaken  for  alumina  in  this  part  of  the  analysis.  For  the  method 
of  distinguishing  silica,  see  (419). 

2  The  examination  for  the  base  with  which  this  acid  is  united  must 
he  proceeded  with  as  in  the  analysis  of  complex  substances. 

3  To  prevent  the  precipitation  of  magnesia. 
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508.  To  distinguish  between  them,  add  to  a  fresh  por¬ 
tion  of  the  original  solution,  sulphate  of  lime. 

(а)  A  slight  precipitate  is  produced  at  once  ;  presence 

of  Barium.  Confirm  by  (114,  336). 

(б)  No  precipitate  is  produced  at  once ;  allow  the  solu¬ 

tion  to  stand  aside  for  a  few  minutes,  and  if  it 
still  remains  clear,  apply  heat.  If  a  precipitate  is 
formed,  either  on  standing,  or  heating,  Strontium, 
is  present.  Confirm  by  (155).  But  if  there  is 
still  no  precipitate,  Calcium  is  present.  Test  a 
fresh  'portion  of  the  original  solution  with  am¬ 
monia  and  oxalate  of  ammonia,  which  should 
give  a  white  precipitate. 

Phosphate  of  Soda  Test,  in  the  same  portion  of  the 
solution. 

509.  To  the  solution  in  which  carbonate  of  ammonia 
has  failed  to  produce  a  precipitate,  add  phosphate  of 
soda,  and  rub  the  sides  of  the  tube,  under  the  liquid,  with 
a  glass  rod  (348). 

(а)  No  precipitate  is  produced.  Pass  on  to  (510). 

(б)  A  white  crystalline  precipitate  is  produced.  Mag¬ 

nesium  is  present. 


Testing  for  the  metals  of  the  Alkalies,  in  fresh  portions 
of  the  solution. 

510.  To  a  portion  of  the  original  solution,  in  a  test-tube,  ' 
add  excess  of  potash  and  boil ;  if  the  smell  of  Ammonia 
is  perceptible,  that  compound  is  present.1  Confirm  by 
(361,  362a). 

511.  If  ammonium  be  not  detected,2  place  a  little  of  the 
original  solution  in  a  watch-glass,  or  upon  a  slip  of  glass, 
and  add  a  drop  of  hydrociiloihc  acid,  and  of  bichlor¬ 
ide  of  platinum;  stir  for  a  few  seconds  with  a  glass  rod. 

1  This  test  is  again  mentioned  here,  lest  it  should  have  been  over¬ 
looked  by  the  analyst  at  (501). 

2  If  ai'senious  acid,  antimonic  acid,  stannic  acid  (binoxide  of  tin),  or 
silicic  acid,  has  been  discovered,  the  examination  for  potassium  and 
sodium  should  be  conducted  as  in  the  examination  of  complex  com¬ 
pounds. 
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A  yellow  crystalline  precipitate  indicates  Potassium 
(354). 

512.  If  there  be  no  potassium,  take  a  little  more  of  the 
original  solution  upon  a  watch-glass  or  slip  of  glass,  dip  a 
blue  litmus-paper  into  it,  and  if  it  be  acid,  add  a  drop  of 
potash  or  carbonate  of  potash  to  render  it  alkaline;  then 
add  antimoniate  of  potash  and  stir  briskly  with  a 
glass  rod.  A  white  crystalline  precipitate  indicates 
Sodium.1 


Examination  for  the  Non-metallic  Element  or  Acid.2 

513.  To  a  portion  of  the  original  solution,  add  dilute 
sulphuric  acid,  and  heat  gradually  to  boiling. 

(а)  Effervescence  takes  place,  even  in  the  cold,  and  a 

nearly  inodorous  gas  is  evolved ;  presence  of  Car¬ 
bonic  acid.  Confirm  by  (422). 

(б)  The  odor  of  burning  sulphur  is  perceptible ;  pres¬ 

ence  of  Sulphurous  or  Ilyposulphurous  acid  (in  the 
latter  case,  sulphur  will  separate)  (372). 

(c)  The  gas  has  an  odor  of  putrid  eggs ;  presence  of 

Hydrosulphuric  acid  or  of  Sulphur  combined  with 
a  metal  (378). 

(d)  The  smell  of  chlorine  is  perceived ;  presence  of 

Plypochlorous  or  of  Chloric  acid.  Confirm  by 
(394,  397). 

(e)  Hydrocyanic  acid  is  smelt  at  the  mouth  of  the 

tube ;  presence  of  Hydrocyanic  acid  or  a  cyanide, 
or  of  Hydrqferrocyanic  acid  or  a  ferrocyanide. 
Confirm  by  (436,  440). 


1  Sodium  is  very  apt  to  be  overlooked  here,  the  antimoniate  often 
requiring  some  time  to  separate.  If  the  original  solution  be  neutral 
or  alkaline,  and  no  other  metal  can  be  found,  and  a  clean  platinum 
wire  dipped  into  the  solution  colors  the  flame  strongly  yellow,  sodium 
is  present. 

2  After  determining  the  metal  or  base  contained  in  a  compound 
which  we  know  to  be  soluble  in  water,  it  is  of  course  unnecessary,  in 
the  subsequent  examination,  to  look  for  any  non-metal  or  acid  which 
forms  an  insoluble  compound  with  that  metal  or  base.  (Refer  to  the 
Table  of  Solubility  in  the  Appendix.) 

The  following  a<*ids,  which  would  certainly  have  been  detected  in 
the  examination  for  metals,  may  now  be  left  out  of  consideration — 
viz.,  Stannic ,  Arsenious ,  Antimonic,  Manganic,  and  Permanganic  Acids. 
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(/)  Acetic  and  Benzoic  acids  will  be  recognized  by  their 
characteristic  odors. 

514.  Add  to  the  original  solution  about  an  equal  volume 
of  strong  sulphuric  acid,  and  mix  them  together  by 
shaking  the  tube  from  side  to  side. 

(a)  The  solution  becomes  yellow  or  red,  and  evolves 
the  smell  of  peroxide  of  chlorine.  Presence  of 
chloric  acid.  Confirm  by  (395a). 

( h )  If  no  chloric  acid  be  detected,  add  a  few  copper 
filings,  and  apply  heat;  if  brown  fumes  are 
given  otf,  nitric  acid  is  present.1 2 3  Confirm  by 
(367). 


Chloride  of  Barium?  Test. 

515.  To  a  portion  of  the  original  solution,  add  enough 
AMMONIA'  to  render  it  slightly  alkaline,  filter  otf  any  pre¬ 
cipitate  which  may  be  formed,  and  test  the  filtered  solution 
with  CHLORIDE  OF  BARIUM. 

(a)  No  precipitate  is  formed.  Pass  on  to  (517). 

(b)  A  yellow  precipitate  is  produced.  Presence  of 

chromic  acid.  Confirm  by  (289). 

(c)  A  white  precipitate  is  produced.  Probable  pres¬ 

ence  of  Sulphuric,  Phosphoric,  Arsenic,  Boracic, 
Oxalic,  Silicic,  Hydrofluoric,  Tartaric,  or  Citric 
acid. 

516.  To  distinguish  between  these  acids,  add  dilute 
hydrochloric  ACID  in  excess,  to  the  liquid  containing 
the  precipitate. 

(а)  The  precipitate  disappears.  Pass  on  to  (517). 

(б)  The  precipitate  does  not  dissolve.  Presence  of 

Sulphuric  acid? 

1  Nitrous  acid  might  here  be  mistaken  for  nitric  acid  ;  but  the  ni¬ 
trites  would  disengage  red  fumes  when  heated  with  dilute  sulphuric 
acid. 

2  If  lead,  silver,  or  mercury  (mercurous)  be  present  in  the  solu¬ 
tion,  either  nitrate  of  baryta  must  be  substituted  for  the  chloride  of 
barium,  or  those  metals  must  be  precipitated  by  chloride  of  sodium, 
the  precipitate  filtered  off,  and  the  clear  solution  tested  with  chloride 
of  barium. 

3  A  little  sulphuric  acid  may  be  expected  as  an  impurity  in  most 
commercial  salts,  and  therefore,  if  this  precipitate  be  not  very  con¬ 
siderable,  the  examination  for  another  acid  should  be  proceeded  with 
by  (517). 
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Chloride  of  Calcium  Ted.1 

517.  To  a  portion  of  the  original  solution,  rendered 
alkaline  by  ammonia,  and  filtered  if  necessary,  add  chlo¬ 
ride  of  calcium. 

(a)  No  precipitate  is  produced.  Pass  on  to  (520). 

(6)  A  white  precipitate  is  produced.  Probable  pres¬ 
ence  of  Phosphoric,  Arsenic,  Boracic,  Oxalic,  Sili¬ 
cic,  Hydrofluoric,  Tartaric,  or  Citric  acid. 

518.  To  distinguish  between  these  acids,  add  chloride 
of  ammonium  to  the  liquid  containing  the  precipitate. 

{a)  The  precipitate  dissolves;  presence  of  Arsenic, 
Boracic,  Tartaric,  or  Citric  acid.  Test  for  arsenic 
’  acid  by  (272),  for  boracic  acid  by  (411,  412),  for 
tartaric  acid  by  (447),  and  for  citric  acid  by  (451, 
452)  in  the  original  solution. 

(b)  The  precipitate  does  not  dissolve  ;  presence  of 

Phosphoric,  Silicic,  Oxalic,  or  Hydrofluoric  acid. 

519.  To  distinguish  between  these,  treat  the  precipitate 
with  acetic  acid. 

(a)  The  precipitate  dissolves ;  presence  of  Phosphoric 

or  Silicic  acid  ;  add  to  this  solution  a  drop  of  per- 
chloride  of  iron  ;  a  yellowish-white  precipi¬ 
tate  indicates  Phosphoric  acid.  Confirm  by  (387). 

Test  for  silicic  acid  by  (419)  in  the  orginal  so¬ 
lution. 

(b)  The  precipitate  does  not  dissolve  in  acetic  acid ; 

presence  of  Oxalic  or  Hydrofluoric  acid.  If  the 
precipitate  be  opaque  and  pulverulent,  it  indi¬ 
cates  Oxalic  acid.  Confirm  by  (427).  If  it  be 
nearly  transparent  and  gelatinous,  it  indicates 
Hydrofluoric  acid  or  a  Fluoride.  Confirm  by 
(405). 

520.  Should  no  precipitate  be  produced  by  chloride  of 
calcium  in  the  cold,  the  solution  must  be  boiled ;  if  this 
causes  a  precipitate,  Citric  acid  is  probably  present.2 
Confirm  by  (451,  452). 

If  there  be  no  precipitate,  pass  on  to  (521). 

1  If  lead,  silver,  or  mercury  (mercurous)  be  present,  pass  on  to  (521 ). 

2  But  great  caution  must  be  exercised  in  coming  to  this  conclusion, 
because  a  precipitate  by  boiling  might  occur  from  other  causes. 
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Perchloride  of  Iron  Test.1 

521.  To  a  portion  of  the  original  solution,  add  per¬ 
chloride  of  IRON. 

(a)  No  change  is  observed.  Pass  on  to  (522). 

(b)  Blue  precipitate  ;  presence  of  Hydroferrocyanic  acid 

or  a  Ferrocyanide. 

(c)  Light  buff  precipitate;  presence  of  Benzoic  acid. 

Confirm  by  (457). 

(d)  Black  precipitate ;  presence  of  Gallic  or  Tannic 

acid.  Test  the  original  solution  by  (459,  464). 

(e)  Red  color  without  precipitate ;  presence  of  Acetic  or 

Hydrosulphocyanic  acid.  Confirm  by  (432). 

Nitrate  of  Silver  Test. 

522.  To  a  fresh  portion  of  the  original  solution,  add 
enough  dilute  nitric  acid  to  render  it  slightly  acid,  and 
nitrate  of  silver.  If  any  precipitate  is  produced,  it 
indicates  the  presence  of  either  Hydrochloric,  Hydriodic,  or 
Hydrocyanic  acid. 

To  distinguish  between  these,  allow  the  precipitate  to 
subside,  wash  it  by  decantation,  and  shake  it  with  Am¬ 
monia  in  excess. 

(a)  The  precipitate  dissolves;  either  Hydrochloric  or 
Hydrocyanic  acid  is  present.  To  a  little  of  the 
ammoniacal  solution,  add  excess  of  strong  nitric 
acid  and  boil ;  if  the  precipitate  at  first  pro¬ 
duced  redissolves,  Hydrocyanic  acid  or  a 
Cyanide 2 3  is  present  Confirm  by  (436). 

If  the  nitric  acid  produces  a  permanent  precipitate, 
Hydrochloric  acid?  or  a  Chloride  is  present.4  Confirm  by 
(393). 

1  If  lead,  silver,  or  mercury  (mercurous)  be  present,  they  must  be 
removed  by  adding  chloride  of  ammonium  and  filtering  before  apply¬ 
ing  this  test. 

2  Cyanide  of  mercury  would  not  respond  to  the  nitrate  of  silver 
test  (see  note  to  p.  169). 

3  A  little  chloride  may  be  expected  as  an  impurity  in  most  com¬ 
mercial  salts. 

4  Hydrobromic  acid  would  behave  in  a  similar  way,  but  would  be 
recognized  in  testing  according  to  (393),  by  the  very  irritating  brown 
fumes  of  bromine. 
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(b)  The  precipitate  does  not  dissolve  in  ammonia; 

even  on  agitation  and  gently  warming.  Presence 
of  Hydriodic  acid  or  an  Iodide.  Confirm  by  (399). 

SECTION  II. 

THE  SUBSTANCE  IS  DISSOLVED  IN  AN  ACID.1 2 
Examination  for  the  Metal. 

Hydrochloric  Add  Test ? 

523.  Add  to  the  solution  a  little  dilute  hydrochloric 
acid. 

(а)  No  precipitate  is  produced.  Pass  on  to  (524). 

(б)  A  precipitate  is  produced.  Probable  presence  of 

Silver,  Mercury  (mercurous),  or  Lead.  Examine 
the  precipitate  by  the  directions  given  in  (503). 

Hydrosulphuric  Acid  Test,  in  the  same  portion  of  the 
solution. 

524.  Mix  the  solution  with  a  large  excess  of  a  satu¬ 
rated  solution  of  HYDROSULPHURIC  ACID. 

(a)  No  precipitate  is  produced.  Pass  on  to  (525). 

( h )  A  milkiness  only  is  produced,  so  that,  on  looking 
through  the  fluid,  no  distinct  particles  of  precipi¬ 
tate  are  visible.3  This  is  due  to  sulphur  sepa¬ 
rated  from  the  hydrosulpliuric  acid.  Pass  on  to 
(525). 

(c)  A  black  or  brown  precipitate  is  produced.  Pres¬ 

ence  of  Lead,  Copper,  Bismuth,  Mercury 4  (mercu¬ 
ric),  or  Tin.  (See  note  to  504c.) 

1  If  the  analyst  he  uncertain  on  this  head,  the  taste  of  the  solution 
will  determine  it. 

2  This  may  of  course  be  omitted  when  hydrochloric  acid  has  been 
employed  in  preparing  the  solution. 

3  If  there  be  any  doubt,  pass  the  liquid  through  a  filter. 

4  When  nitric  acid  has  been  employed  in  preparing  the  solution, 
any  mercury  which  had  originally  existed  as  suboxide  or  some  cor¬ 
responding  compound,  would  have  been  converted  into  the  peroxide. 
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Test  for  these  metals  in  separate  portions  of  the 
original  solution,  as  directed  in  (504c). 

(d)  A  yellow  precipitate  is  produced.  Either  Tin1 

(as  binoxide  or  some  corresponding  compound)  or 
Arsenic  is  present.  Distinguish  between  them  by 
the  tests  given  in  (504d).  (See  note  to  504dL) 

( e )  An  orange  precipitate  is  produced.  Presence  of 

Antimony,  either  as  oxide  or  as  antimonic  acid.2 
Confirm  by  (239). 

525.  If  hydrosulphuric  acid  has  caused  no  precipi¬ 
tate  or  one  of  sulphur  only,  in  the  cold  solution,  add  more 
hydrosulphuric  acid,  till  it  smells  very  strongly,  even  after 
shaking,  and  heat  to  boiling. 

(a)  No  precipitate,  or  none  but  sulphur,  is  produced. 

Pass  on  to  (526). 

( b )  A  yellow  precipitate  is  produced.  Either  Tin  (as 

binoxide  or  some  corresponding  compound),  or 
Arsenic  (as  arsenic  acid)  is  present.  Distinguish 
between  them  by  the  tests  given  in  (504d). 

Tlydrosulphate  of  Ammonia  Test,  in  a  fresh  portion  of 
the  solution. 

526.  To  a  fresh  portion  of  the  original  solution,  add 
chloride  of  ammonium,3  and  ammonia  in  excess,  so 
that  it  may  be  distinctly  smelt  at  the  mouth  of  the  tube, 
after  the  latter  has  been  closed  by  the  thumb,  and  violently 
shaken.  If  a  precipitate  is  produced,  examine  its  appear¬ 
ance  (white  and  gelatinous,  alumina,  silica,  or  an  insoluble 
phosphate;  pulverulent,  an  insoluble  oxalate;  crystalline, 
phosphate  of  magnesia  and  ammonia ;  dingy  green,  oxide 
of  chromium  or  protoxide  of  iron ;  red-brown,  peroxide  of 
iron),  but  pass  on,  notwithstanding,  and  add  hydrosul¬ 
phate  of  ammonia.  If  there  is  no  precipitate,  boil  the 
solution. 


1  If  nitric  acid  has  been  employed  in  dissolving  the  substance,  it 
may  have  converted  the  protoxide  of  tin  into  binoxide,  teroxide  of 
antimony  into  antimonic  acid,  and  arsenious  acid  into  arsenic  acid. 

2  If  Stannic  Acid ,  Antimonic  Acid,  Arsenious  or  Arsenic  Acid  be  de¬ 
tected,  the  further  examination  for  the  base  must  be  conducted  as  in 
the  analysis  of  complex  substances. 

3  To  prevent  the  precipitation  of  magnesia  as  hydrate. 
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(а)  No  precipitate  is  produced.  Pass  on  to  (527). 

(б)  A  black  precipitate  is  produced.  Either  Iron,1 

Nickel,  or  Cobalt  is  present. 

Distinguish  between  them  by  the  tests  given  in 

(5'  65).  _ 

(c)  The  precipitate  by  hydrosulphate  of  ammonia  is 
not  black ;  either  Aluminum,  Chromium,  Zinc, 
Manganese,  Phosphate,  or  Oxalate  of  Baryta, 
Strontia,  or  Lime,  Phosphate  of  Magnesia,  or 
Silica  is  probably  present.2 

To  distinguish  between  them,  add  gradually 
to  a  fresh  portion  of  the  original  solution  pot¬ 
ash  in  excess. 

(1)  Green  precipitate,  soluble  in  excess  to 

a  green  liquid,  and  precipitated  on  boil¬ 
ing  ;  presence  of  Chromium  as  oxide. 

(2)  White  precipitate,  insoluble  in  excess, 

becoming  brown  on  shaking  with  air ; 
presence  of  Manganese.  Confirm  by 
(138). 

(3)  White  precipitate,  soluble  in  excess; 

presence  of  Aluminum,  Zinc,  or  Silica. 

To  distinguish  between  them,  acidify 
the  potash  solution  with  hytdiiochlo- 
EIC  acid,  and  add  ammonia  in  excess. 

If  there  be  no  precipitate,  or  a  very 
trifling  one  (from  impurity  of  the  pot¬ 
ash)  Zinc  is  present,  as  may  be  con¬ 
firmed  by  adding  sulphide  of  am¬ 
monia  to  the  ammoniaeal  liquid. 

If  a  flocculent  precipitate  was  pro¬ 
duced  by  the  excess  of  ammonia,  either 
Aluminum  or  Silica,  or  both,3  must  be 
present.  .  Evaporate  a  portion  of  the 

1  If  nitric  acid  has  been  used  in  dissolving  the  substance,  the  solu¬ 
tion  will  contain  the  iron  as  peroxide,  or  some  corresponding  com¬ 
pound,  in  whatever  form  it  existed  in  the  original  substance.  Iron 
previously  existing  as  ferrocyanogen  might  also  occur  here,  from  the 
breaking  up  of  that  radical  i>y  the  action  of  acids. 

2  The  fluorides  of  calcium,  barium,  and  strontium  are  also  liable  to 
be  precipitated  here. 

3  Silica  being  an  acid. 
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original  acid  solution  to  dryness,  in  a 
porcelain  dish,  and  heat  the  residue 
with  DILUTE  HYDROCHLORIC  ACID, 
which  will  leave  any  Silica 1  undis¬ 
solved,  to  be  collected  on  a  filter  and 
tested  by  the  blowpipe. 

Mix  the  hydrochloric  solution  with 
enough  potash  to  redissolve  the  pre¬ 
cipitate  produced  at  first,  and  acidify 
the  liquid  with  acetic  acid.  A  white 
gelatinous  precipitate  will  be  Phosphate 
of  Alumina ?  If  there  be  no  precipitate, 
add  excess  of  ammonia,  which  will 
throw  down  the  Alumina. 

(4)  Potash  has  produced,  in  the  original  so¬ 
lution,  a  white  precipitate  insoluble 
in  excess,  and  not  becoming  brown  by 
shaking  with  air;  presence  of  a  Phos¬ 
phate  or  Oxalate  of  Baryta ,  Strontia,  or 
Lime,  or  Phosphate  of  Magnesia. 

To  distinguish  between  them,  add  to 
a  portion  of  the  original  solution  am¬ 
monia  until  a  permanent  precipitate  is 
formed,  and  acetic  acid  in  excess.  If 
the  precipitate  be  dissolved,  it  is  a 
Phosphate  (confirm  by  383,  388) ;  if 
undissolved,  an  Oxalate 3  (confirm  by 
430). 

To  ascertain  the  presence  of  Baryta 
or  Strontia,  test  the  original  solution 
with  sulphate  op  lime,  as  directed 
in  (508). 

If  these  be  absent,  and  the  compound 
has  been  found  to  be  an  oxalate,  it  must 

1  If  silica  be  detected,  the  further  examination  for  the  base  must  be 
conducted  as  in  the  analysis  of  complex  substances. 

2  Filter  it  otf,  dissolve  it  in  dilute  nitric  acid,  and  tost  with  molyb¬ 
date  of  ammonia  (388). 

3  The  fluorides  of  calcium,  barium,  and  strontium  might  also  occur 
here  :  the  presence  of  fluorine  would  be  ascertained  by  testing  the 
original  substance  as  in  (405). 
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be  Oxalate  of  Lime ;  but  if  it  be  a 
phosphate,  it  may  be  either  Phosphate 
of  Lime  or  Phosphate  of  Magnesia. 

To  ascertain  which,  add  to  a  portion 
of  the  original  solution  ammonia  till  a 
permanent  precipitate  is  formed,  then 
acetic  acid  till  the  precipitate  is  re¬ 
dissolved,  and  oxalate  of  ammonia  ; 
a  white  precipitate  indicates  Lime.  If 
there  be  no  precipitate,  add  excess  of 
ammonia,  and  rub  the  sides  of  the 
tube  with  a  glass  rod ;  a  crystalline 
precipitate  indicates  Magnesia. 

(5)  Potash  has  produced  no  precipitate  in 
the  original  acid  solution.  Probable 
presence  of  chromium  as  Chromic  Acid} 
Confirm  by  (289). 


Carbonate  of  Ammonia  Test  in  the  same  portion  of 
the  solution. 

527.  To  the  same  portion  of  the  solution  in  which  hy¬ 
drosulphate  of  ammonia  has  failed  to  give  a  precipitate, 
add  carbonate  of  ammonia,  and  heat  gently. 

(a)  No  precipitate  is  produced.  Pass  on  to  (528). 

(b)  A  precipitate  is  produced.  Presence  of  Barium , 

Strontium,  or  Calcium. 

Distinguish  between  them  by  the  tests  men¬ 
tioned  in  (508),  applied  to  fresh  portions  of  the 
original  solution. 

Phosphate  of  Soda  Test  in  a  fresh  portion  of  the  solution. 

528.  To  a  fresh  portion  of  the  original  solution,  add 
CHLORIDE  OF  AMMONIUM,  AMMONIA  ill  excess,  aild  PHOS¬ 
PHATE  of  soda,  and  rub  the  sides  of  the  tube,  under  the 
liquid,  with  a  glass  rod  (348). 

(a)  No  precipitate  is  produced.  Pass  on  to  (529). 

1  If  chromic  acid  bo  discovered,  the  base  in  combination  with  it 
must  still  be  detected  by  further  examination. 
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(6)  A  white  crystalline  precipitate  is  produced.  Mag¬ 
nesium  is  present. 


Testing  for  the  Metals  of  the  Alkalies  in  fresh  portions 
of  the  solution. 

529.  The  salts  of  the  alkali-metals  being,  as  a  general 
rule,  soluble  in  water,  a  simple  substance  requiring  an  acid 
to  dissolve  it  is  not  likely  to  contain  potassium,  sodium,  or 
ammonium,  unless  antimonic  acid  or  silicic  acid  be -pres¬ 
ent  ;  in  which  case  the  examination  for  the  alkali-metals 
should  be  conducted  as  in  the  analysis  of  complex  sub¬ 
stances. 

If  the  analyst  has  not  had  the  opportunity  of  testing  the 
solubility  of  the  original  substance  in  water,  the  exami¬ 
nation  for  potassium,  sodium,  and  ammonium  should  be 
conducted  as  in  (510),  &c. 

Examination  for  the  Non- Metallic  Element  or  Acid} 

A.  The  analyst  has  a  portion  of  the  solid  substance  at  his 
disposal. 

530.  The  experiments  described  in  (478,  479,  and  480) 
should  be  very  carefully  made,  and  will  establish  the  pres¬ 
ence  or  absence  of  Sulphurous  acid,  Hypochlorous  acid, 
Hydrochloric  acid  (a  chloride),  Hydriodic  acid  (an  iodide), 
Acetic  acid,  Benzoic  acid,  Carbonic  acid,  Hydrofluoric  acid 
(a  fluoride),  and  Nitric  acid. 

The  same  experiments  would  also  lead  to  a  correct  con¬ 
clusion  as  to  the  absence  of  Tartaric  acid,  Citric  acid,  Gal¬ 
lic  acid,  Tannic  acid,  Oxalic  acid,  Hydrocyanic  acid  (a 
cyanide),  Hydroferrocyanic  acid  (a  ferrocyanide). 

During  the  experiments  to  dissolve  the  substance  (481), 
it  will  have  been  ascertained  whether  a  Sulphide  is  present 
or  not. 

1  Assistance  may  now  be  derived  from  the  Table  of  Solubilities 
(Appendix).  See  note  to  (513).  Besides  the  acids  therein  enumer¬ 
ated,  silicic  acid  need  not  now  be  sought,  as  it  would  have  been 
already  detected  (5‘26c  3) ;  chloric  acid  and  hypo  sulphurous  acid  can¬ 
not  exist  in  the  acid  solution. 
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531.  Dissolve  a  portion  of  the  substance  by  boiling  with 
dilute  hydrochloric  acid,  filter  the  solution,  if  neces¬ 
sary,  and  examine  by  the  following  tests: 

(a)  Chloride  of  barium  :  a  white  precipitate  indi¬ 
cates  Sulphuric  acid} 

(by  Ammonia  in  excess,  hydrosulphate  of  am¬ 
monia,  and  carbonate  of  ammonia  ;  heat  the 
solution  to  boiling,  and  filter,  if  necessary  ;  to  the 
filtered  liquid,  add  a  clear  mixture  of  sulphate 
OF  MAGNESIA,  CHLORIDE  OF  AMMONIUM,  and  AM¬ 
MONIA  ;  rub  the  sides  of  the  tube,  under  the 
liquid,  with  a  glass  rod.  Crystalline  precipitate  ; 
presence  of  Phosphoric  acid.1 2 3 

(c)  Dip  a  piece  of  turmeric-paper  into  the  solution, 
and  dry  it  at  a  gentle  heat ;  brown  orange  color 
changed  to  green  by  potash  indicates  Boracic  acid. 
Confirm  by  (412). 

532.  Boil  a  portion  of  the  original  substance  with  a 
strong  solution  of  carbonate  of  soda  for  a  few  minutes ; 
the  base  will  be  thus  converted  into  an  insoluble  carbonate, 
and  the  acid  will  pass  into  solution.  Filter. 

(a)  Add  acetic  acid  in  excess  and  perchloride  of 

iron  to  detect  Hydroferrocyanic  acid.  See  (521). 

(b)  Acidify  the  solution  very  slightly  with  dilute  nitric 

acid ;  heat  it  to  expel  free  carbonic  acid,  render  it 
very  slightly  alkaline  with  ammonia,  and  add 
chloride  of  calcium  to  detect  Oxalic,  Tartaric, 
and  Citric  acids.  See  (517). 

(c)  Test  for  Hydrocyanic  acid  (a  cyanide)  by  (436). 

533.  Boil  a  portion  of  the  original  substance  with  dilute 
nitric  acid,  filter,  if  necessary,  and  add  nitrate  of 
silver,  to  test  for  Hydrochloric  acid  (a  chloride).  See 
(522). 

1  It  must  be  remembered  that, a  slight  precipitate  is  probably  due 
to  an  impurity  in  the  substance. 

2  A  simpler  test  for  phosphoric  acid  consists  in  dissolving  the  sub¬ 
stance  in  dilute  nitric  acid,  and  adding  molybdate  of  ammonia  (388). 

3  If  this  acid  were  in  combination  with  baryta,  strontia,  lime, 
magnesia,  or  alumina,  this  test  would  not  detect  it,  but  it  would  then 
have  been  already  detected  in  the  examination  for  the  metal  (526). 
Arsenic  acid  might  be  mistaken  for  phosphoric  acid  if  it  had  been 
overlooked  in  (525). 
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B.  The  analyst  has  only  the  acid  solution  at  his  disposal } 

534.  Dilute  a  portion  of  the  solution  with  water,  add 
dilute  hydrochloric  acid,  filter,  if  necessary,  and  add 
chloride  of  barium  ;  white  precipitate,  not  dissolved 
by  much  water,  Sulphuric  acid . 

535.  To  another  portion  of  the  solution1 2  add  nitrate 
of  SILVER. 

(а)  No  precipitate  is  produced.  Pass  on  to  (536). 

(б)  A  precipitate  is  produced.  Presence  of  Hydrochloric 

acid ,3 4  Hydriodic  acid ,  or  Hydrocyanic  acid. 

Examine  as  directed  at  (522). 

536.  Test  for  Phosphoric 4  and  Boracic  acids,  according 
to  (531  b  and  c)  in  the  original  solution. 

537.  Test  for  Nitric  acid,5  by  (367). 

538.  To  another  portion  of  the  original  solution  add  a 
strong  solution  of  carbonate  of  soda  in  excess,  boil  for 
a  minute  or  two,  filter,  if  necessary,  neutralize  the  solution 
carefully  with  nitric  acid. 

(ci)  Add  perch lori de  of  iron  to  detect  Benzoic,  Tan¬ 
nic,  Gallic ,  and  Acetic  acids.  See  (521). 

(6)  Acidify  the  solution  very  slightly  with  dilute  nitric 
acid,  heat  it  to  expel  free  carbonic  acid,  render 
it  very  slightly  alkaline  with  ammonia,  and  add 
chloride  of  calcium  to  detect  Boracic,  Oxalic , 
Hydrofluoric,  Tartaric,  and  Citric  acids.  See 
(517). 

539.  Test  specially  for  Hydrocyanic  acid  by  (436),  in 
another  portion  of  the  original  solution. 

1  The  presence  of  hydrosulphuric  acid  would  be  known  by  its  odor. 

2  If  hydrosulphuric  acid  be  present,  it  should  be  expelled  by  a 
gentle  heat  before  applying  this  test. 

3  Which  may  have  been  used  to  dissolve  the  original  substance. 

4  For  phosphoric  acid,  the  solution  may  be  evaporated  to  dryness, 
the  residue  dissolved  in  dilute  nitric  acid  and  tested  with  molybdate 
of  ammonia  (388). 

5  Which  may  have  been  used  to  dissolve  the  original  substance. 
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CHAPTER  III. 

QUALITATIVE  ANALYSIS  OF  SUBSTANCES  WHICH  MAY  CON¬ 
TAIN  TWO  OR  MORE  METALS  AND  NON-METALS  OR 
TWO  OR  MORE  BASES  AND  ACIDS. 

Introductory  Remarks. 

540.  Unless  we  have  reason  to  know  that  a  substance 
intended  for  analysis  contains  only  one  base  and  one  acid, 
it  is  necessary  to  assume  that  it  may  contain  any  or  all  of 
the  more  common  saline  compounds.  Such  an  analysis  is 
of  course  considerably  more  complicated  than  that  of  a 
single  salt ;  and  consequently  the  necessity  of  having  a 
well-devised  scheme  of  experiments  is  here  even  greater 
than  in  the  former  case,  when  only  one  base  and  acid  had 
to  be  detected. 

541.  The  method  of  dealing  with  such  a  mixture  is,  first 
to  separate  the  whole  of  the  metals  of  the  first  class  (if  any 
are  present)  by  adding  hydrochloric  acid  and  passing 
hydrosulphurie  acid  gas  through  a  solution  of  the  sub¬ 
stance,  afterwards  filtering  the  solution  from  the  precipi¬ 
tate  :  the  precipitate  is  then  dissolved  in  acid,  and  tested 
successively  for  each  of  the  metals  of  the  first  class.  The 
filtered  solution,  containing  all  the  bases  but  those  of  the 
first  class,  is  then  neutralized,  and  treated  with  hydrosul¬ 
phate  of  ammonia,  which  throws  down  all  the  metals  of 
the  second  class  (if  any  are  present) :  and  the  precipitate 
filtered  from  the  solution  is  dissolved  in  acid,  and  tested 
successively  for  each  metal  of  the  second  class.  The  solu¬ 
tion  filtered  from  the  sulphides  can  now  only  contain  any 
metals  of  the  third  and  fourth  classes  that  may  be  present, 
which  may  readily  be  distinguished  by  a  few  simple  tests. 

542.  The  student  must  be  careful  when  making  these 
experiments,  that  he  adds  sufficient  of  the  various  reagents, 
to  throw  down  the  whole  of  the  metals  affected  by  them, 
since  any  traces  of  the  metals  belonging  to  a  class  supposed 
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to  have  been  entirely  removed  from  the  solution,  would 
materially  interfere  with  the  indications  afforded  by  the 
subsequent  tests.  For  example,  in  the  analysis  of  a  mix¬ 
ture  of  a  salt  of  lead  and  a  salt  of  lime,  if  sufficient  hydro- 
sulphuric  acid  were  not  passed  through  the  solution  to 
separate  the  whole  of  the  lead,  a  black  precipitate  of  sul¬ 
phide  of  lead  would  be  formed  on  the  addition  of  hydro¬ 
sulphate  of  ammonia  to  the  filtered  liquid,  indicating  the 
presence  of  one  or  more  metals  of  the  third  class,  none  of 
which  are  really  present.  On  the  other  hand,  the  addition 
of  a  large  excess  of  any  of  the  reagents  is  also  to  be 
avoided,  as  being  not  only  useless  and  wasteful,  but  in 
many  cases,  mischievous. 

Both  these  errors  may  be  avoided  by  adding  the  reagents 
in  small  successive  portions :  and  when  the  experimenter 
has  reason  to  think  that  he  has  added  sufficient,  let  him 
filter  a  few  drops  of  the  mixture,  and  apply  to  the  solution 
a  little  more  of  the  reagent :  if  this  produces  no  further 
precipitate,  he  may  conclude  that  enough  has  been  added. 

543.  In  the  course  of  an  analysis,  especially  of  a  com¬ 
plicated  substance,  it  is  often  necessary  to  have  several 
solutions  in  hand  at  the  same  time ;  to  avoid  confusion, 
each  of  these  should  be  labelled  with  a  bit  of  gummed 
paper,  with  a  letter  or  mark  upon  it,  referring  to  a  corre¬ 
sponding  letter  in  the  note-book  (2). 

As  one  portion  of  the  substance  to  be  analyzed  has  to  be 
carried  through  several  operations,  it  is  advisable  that  the 
quantity  operated  on  should  not  be  very  small.  When  the 
substance  is  a  solid,  twenty  or  thirty  grains  may  be  used  ; 
and  when  in  solution,  an  ounce  or  two  (according  to  the 
degree  of  concentration)  will  be  found  a  convenient  quan¬ 
tity- 

Where  it  is  possible,  the  substance  should  be  weighed 
previously  to  analysis,  and  carried  through  the  wjhole  pro¬ 
cess  without  being  divided,  in  order  that  some  idea  may 
be  formed  of  the  relative  proportions  of  the  substances  de¬ 
tected. 
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TO  DISSOLVE  A  COMPLEX  SOLID. 


SECTION  I. 

EXAMINATION  OF  A  SOLID  SUBSTANCE. 

544.  The  substance  should  first  be  examined  according 
to  the  directions  given  in  (477-480),  but  the  analyst  must 
be  more  careful  in  drawing  his  conclusions  from  the  indi¬ 
cations  presented,  on  account  of  the  complication  of  phe¬ 
nomena  arising  from  the  presence  of  more  than  one  com¬ 
pound. 

The  process  of  dissolving  the  substance  also  requires 
modification. 

To  dissolve  the  substance  for  analysis. 

If  the  substance  has  a  metallic  appearance ,  pass  on  to 
(557). 

545.  Boil  about  20  grains  of  the  powdered  substance, 
in  a  test-tube  or  small  flask,  with  two  or  three  fluid  drachms 
of  distilled  water  for  a  minute  or  two. 

(a)  The  substance  is  entirely  dissolved.  Pass  on  to 

(563). 

(b)  An  insoluble  residue  is  left.  Set  the  tube  aside 

for  a  few  minutes,  to  allow  the  residue  to  settle. 
Pour  the  liquid  upon  a  filter  (leaving  the  residue 
in  the  tube,  if  possible),  and  reserve  the  solution 
for  examination,  according  to  (561).  Wash  the 
residue  once  or  twice  with  water,  by  decantation, 
if  possible,  or  upon  the  filter  (not  allowing  the 
washing  waters  to  mix  with  the  solution  first  fil¬ 
tered),  and  proceed  as  in  (546).1 

546.  Boil  the  residue  in  a  tube  or  flask,  with  about  a 
drachm  of  strong  hydrochloric  acid  (unless  silver  or 
lead  be  suspected,2  when  nitric  acid  must  be  employed)  for 
a  minute  or  two,3  add  about  an  equal  quantity  of  water, 
and  again  boil. 

1  If  the  residue  has  been  collected  upon  a  filter,  it  may  either  be 
washed  through  the  perforated  filter  with  as  little  water  as  possible, 
or  it  may  be  dried  and  carefully  detached. 

2  From  the  preliminary  blowpipe  examination. 

3  If  red  oxide  of  iron  be  present,  prolonged  digestion  with  hydro¬ 
chloric  acid  is  often  necessary. 
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(а)  The  substance  is  entirely  dissolved.  Pass  on  to 

(606). 

(б)  An  insoluble  residue  is  left.  Add  a  few  drops  of 

STRONG  nitric  acid  (or  of  hydrochloric  if  nitric 
acid  was  employed  before),  and  again  boil.  Should 
this  fail  to  dissolve  it,  add  more  water,  boil,  and 
filter,1  reserving  the  clear  solution  for  examination 
by  (604).  Wash  the  residue  upon  the  filter  as 
long  as  the  washings  are  acid  to  litmus-paper,  dry 
it,  and  treat  it  according  to  (547). 


Analysis  of  a  complex  compound,  insoluble  in  water  and 
acids.2 

547.  (a)  The  insoluble  substance  is  black.  Heat  a 
small  portion  of  it  upon  a  piece  of  platinum-foil ;  if  it  burns 
entirely  away,  it  contains  nothing  but  carbon  and  perhaps 
sulphur,  which  may  be  recognized  by  its  odor ;  but  if  any 
incombustible  residue  be  left,  the  substance  must'  be  ex¬ 
amined  according  to  (548). 

(b)  The  insoluble  substance  is  not  black.  Heat  a  small 
portion  upon  a  piece  of  platinum-foil,  to  ascertain  whether  it 
contains  any  sulphur ;  if  any  incombustible  residue  be  left, 
examine  the  original  insoluble  substance  according  to  (548). 

548.  Fuse  a  small  portion  of  the  insoluble  substance  on 
charcoal,  with  carbonate  of  soda,  before  the  blowpipe  (166) 
and  examine  very  carefully,  to  see  if  it  contains  any  lead, 
tin,  silver,  or  other  easily  reducible  metal  capable  of  corrod¬ 
ing  platinum. 

(a)  Indications  of  reduced  metal  are  obtained.  Pass  on 

to  (552).  \ 

( b )  No  metal  is  obtained.  Examine  as  in  (549). 

1  Should  any  gelatinous  silica  have  separated,  as  is  twe  case  when 

slags,  cements,  and  zeolitic  minerals  are  decomposed  by«icids,  it  will 
be  advisable  to  evaporate  the  mixture  to  dryness,  and  toilreat  the  dry 
residue  with  hydrochloric  acid  so  as  to  leave  all  the  silica  sndissolved. 
The  liquid  may  then  he  filtered.  1 

2  The  chief  substances  which  would  remain  undissolveti  after  the 

above  treatment  are  the  sulphates  of  baryta,  strontia  (and V>ossibly  of 
lime  and  oxide  of  lead),  chloride  of  silver,  silicic  acid,  and  t%e  silicates 
of  any  of  the  metallic  oxides ;  alumina  and  oxide  of  chrovimm,  in  cer¬ 
tain  states,  fluoride  of  calcium,  binoxide  of  tin ,  antimonic  aria),  chrome- 
iron  ore ,  sulphur,  charcoal.  » 
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549.  Reduce  the  insoluble  substance  to  a  very  fine 
powder,1  and  reserve  one-fourth  of  it  for  examination  by 
(551).  Mix  the  remaining  three-fourths  with  about  four 
times  its  weight  of  carbonate  of  soda  (or  better,  of  the 
carbonate  of  potash  and  soda)  and  fuse  it2  in  a  platinum 
crucible,  or  capsule,  or  upon  a  piece  of  platinum-foil,  over 
a  blowpipe-flame,  retaining  the  mass  in  a  fused  state  for 
several  minutes.  After  cooling,  place  the  crucible  and  its 
contents  in  water,  and  digest,  at  a  moderate  heat,  with 
occasional  stirring,  until  the  fused  mass  is  entirely  detached 
from  the  crucible,  which  may  then  be  removed.  When 
the  fused  mass  has  been  thoroughly  disintegrated,  filter  the 
solution,  and  examine  it  as  in  (550).  The  residue  on  the 
filter  is  well  washed  until  the  washings  are  no  longer  pre¬ 
cipitated  by  chloride  of  barium,  some  hot  dilute  hydro¬ 
chloric  acid  is  poured  over  it,  and  should  this  fail  to 
dissolve  it,  it  should  be  rinsed  in  a  tube  and  boiled  with 
the  acid. 

(a)  The  residue  is  entirely  dissolved.  Evaporate  the 

solution  to  dryness  (to  convert  the  silica  into  the 
insoluble  form),  and  heat  the  residue  with  dilute 
hydrochloric  acid.  Filter  the  solution  from 
any  silica,3  and  examine  it  for  metals  according 
to  (605),  except  for  potassium  and  sodium,  which 
must  be  sought  for  by  the  method  described  at 
(551). 

(b)  An  insoluble  residue  is  left.  This  should  be  wash¬ 

ed  once  or  twice,  and  boiled  with  strong  hydro¬ 
chloric  acid  (the  hydrochloric  solution  being 
treated  as  in  (a) ),  and  should  this  fail  to  dissolve 

1  Should  any  carbon  or  sulphur  have  been  discovered  in  it  (547) 
the  substance  should  be  calcined  in  an  open  crucible  until  these  are 
burnt  oft'. 

2  See  note  to  (491). 

3  The  silica  may  be  identified  by  its  easy  solubility  in  hot  solution 
of  potash.  Titanic  acid  is  occasionally  left  behind  with  the  silica.  It 
may  be  detected  by  fusing  the  dried  silica  with  bisulphate  of  potash, 
and  treating  the  fused  mass  with  water,  which  will  dissolve  the 
titanic  acid.  On  filtering  the  solution,  largely  diluting  it  with  wa¬ 
ter,  and  boiling  for  an  hour,  the  titanic  acid  will  give  a  milky  precipi¬ 
tate,  which  may  be  collected  and  identified  by  fusing  with  a  bead  of 
microcosmie  salt  in  a  good  reducing  flame,  when  a  pearly  blue  bead 
will  be  obtained. 
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it,  the  residue,  which  consists  of  some  substance 
(such  as  chrome-iron  ore),  not  attacked  by  the 
alkaline  carbonates,  should  be  dried  and  fused 
with  a  mixture  of  equal  weights  of  carbonate  of 
soda  and  nitrate  of  potash,  on  platinum-foil.  On 
treating  the  mass  with  water,  the  solution,  which 
is  yellow  if  chromium  be  present,  may  be  examined 
as  in  (550a),  a  part  being  reserved  for  examination 
for  acids  by  (589,  etc.).  The  residue,  after  wash¬ 
ing,  may  be  digested  with  strong  hydrochloric 
acid,  which  will  now  at  least  partly  dissolve  it,1 2 
and  the  solution  may  be  examined  as  in  (a). 

550.  The  solution  obtained  by  digesting  the  Original 
fused  mass  from  (549)  in  water  is  divided  into  two  parts, 
to  be  examined  according  to  a  and  6. 

(a)  One  portion  is  acidulated  with  hydrochloric  acid 

and  evaporated  to  dryness,  to  render  the  silica 
insoluble.  The  residue  is  warmed  with  dilute 
hydrochloric  acid,  any  silica  being  filtered  off, 
and  examined  (see  note  to  549a),  and  the  solution 
tested  for  metals  (605),  especially  for  aluminum, 
chromium,  tin,  and  zinc,  which  may  exist  in  alka¬ 
line  solutions. 

(b)  The  other  portion  of  the  solution  may  be  examined 

for  acids  by  (587),  though  it  is  seldom  necessary 
to  test  insoluble  substances  for  other  than  sulphuric 
(370),  silicic  (419),  hydrochloric  (391),  and  hydro¬ 
fluoric  (406,  409). 

Examination  of  insoluble  compounds  for  potassium  and 
sodium ? 

551.  The  finely  powdered  substance  is  intimately  mixed 
with  one  part  by  weight  of  flowers  of  sulphur,  and 
six  parts  of  nitrate  of  baryta  ;  the  mixture  is  heated 
in  a  porcelain  crucible  over  a  spirit-lamp,  or  air-gas  flame, 
until  the  deflagration  is  over.  After  cooling,  the  fused 

1  Any  portion  still  remaining  insoluble  must  be  tested  before  the 
blowpipe  (165,  &c.). 

2  This  is  not  generally  necessary  unless  silicic  acid  or  hydrofluoric 
acid  has  been  found  in  the  previous  examination. 
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mass  is  detached  with  a  knife,  finely  powdered,  thrown 
into  boiling  water,  in  a  dish,  boiled  for  a  minute  or  two, 
and  filtered  from  the  sulphate  and  silicate  of  baryta,  &c., 
which  may  remain.  The  filtrate  is  mixed  with  ammonia 
and  carbonate  of  ammonia,  to  separate  baryta  and  other 
alkaline  earths  which  may  be  present,  and  after  these  have 
been  filtered  off,  the  solution  is  evaporated  to  dryness,  the 
dry  residue  calcined  as  long  as  any  fumes  are  evolved,  and 
further  treated  as  in  (567). 1 

552.  If  any  metal  was  reduced  in  the  experiment  with 
the  blowpipe  (548),  examine  it  carefully  to  see  if  any  cer¬ 
tain  inference  can  be  drawn  from  its  malleability,  &c.,  and 
proceed  to  examine  the  rest  of  the  insoluble  substance  ac¬ 
cording  to  (553). 

553.  Boil  the  insoluble  substance  with  a  strong  solution 
of  acetate  of  ammonia  (prepared  by  mixing  acetic  acid 
with  ammonia  in  excess )  for  a  few  minutes. 

(a)  It  is  entirely  dissolved,  and  consisted  therefore 

of  sulphate  of  lead  or  chloride  of  silver.  Add  to 
the  solution  a  slight  excess  of  nitric  acid,  which 
will  precipitate  the  chloride  of  silver,  and  test  for 
lead,  in  the  filtered  solution,  with  hydrosulplmric 
acid. 

( b )  A  residue  is  left ;  filter  the  solution,  and  test  it  as 

in  (a),  for  sulphate  of  lead  and  chloride  of  silver. 
Wash  the  residue  and  treat  it  as  in  (554). 

554.  Heat  a  small  portion  of  the  residue  on  platinum- 
foil. 

(а)  It  burns  entirely  away;  and  consists  therefore 

either  of  sulphur  (known  by  the  odor),  or  of  car¬ 
bon  (known  by  the  color),  or  of  both. 

(б)  An  incombustible  residue  is  left.  Dry  the  whole 

of  the  insoluble  residue  from  (5536),  and  heat  it 
to  dull  redness  in  a  porcelain  crucible  until  all  the 
sulphur  and  carbon,  if  any  be  present,  are  burnt 
off;  then  carefully  examine  a  part  of  the  residue 
on  charcoal,  with  carbonate  of  soda,  to  see  if  it 
still  contains  any  reducible  metal.  If  no  metal  be 

1  This  process  will  generally  be  found  more  convenient  than  the 
older  method  of  fusing  with  hydrate  of  baryta. 
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found,  examine  it  as  in  (549),  but  otherwise,  pro¬ 
ceed  as  follows. 

Mix  the  finely -powdered  residue  with  twice  its  weight 
of  dry  carbonate  of  soda,  twice  its  weight  of  finely- 
powdered  charcoal,  and  twelve  times  its  weight  of  dry 
nitrate  of  potash.  Place  the  mixture  in  a  perfectly 
clean  iron  tray,  or  a  thin  porcelain  dish,  and  kindle  it  in 
the  centre  with  a  lighted  match.1 

When  the  fused  mass  is  cool,  boil  it  with  water  in  a 
porcelain  dish,  with  occasional  stirring,  until  it  is  entirely 
disintegrated,  when  it  may  be  filtered  otf.  Examine  the 
filtered  solution  as  in  (550). 

The  residue  on  the  filter  is  well  washed  till  the  washings 
are  no  longer  alkaline,  some  hot  dilute  nitric  acid  is 
poured  over  it,  and  should  this  fail  to  dissolve  it,  it  should 
be  rinsed  into  a  tube  and  boiled  with  the  acid. 

(а)  The  residue  is  entirely  dissolved.  Evaporate  the 
solution  to  dryness,  to  render  silica  insoluble,  heat  the 
residue  with  dilute  nitric  acid,  filter  from  any  silica 
(see  note  to  549a)  and  examine  the  solution  for  metals  as 
in  (604),  except  for  potassium  and  sodium,  which  must  be 
sought  as  in  (551). 

(б)  An  insoluble  residue  is  left.  Filter  this  olf,  and 
examine  the  solution  as  in  (a).  Examine  the  residue  ac¬ 
cording  to  (5496). 

Examination  of  a  complex  substance  having  a  metallic 
appearance. 

555.  The  substance  is  reduced  to  as  fine  a  state  of  di¬ 
vision  as  possible,  and  about  10  grains  of  it  are  boiled 
with  dilute  nitric  acid,  in  a  flask  or  large  test-tube,  as 
long  as  any  action  appears  to  take  place ;  about  an  equal 
quantity  of  water  is  then  added,  and  the  mixture  again 
boiled. 

(a)  The  substance  is  entirely  dissolved.  Pass  on  to 
(604). 

1  Another  method  consists  in  fusing  the  substance  with  carbonate 
of  soda  or  carbonate  of  potash  and  soda  as  in  (549),  using  a  porcelain 
instead  of  a  platinum  crucible,  but  the  porcelain  is  generally  corroded, 
thus  necessitating  a  separate  examination  for  silica  and  alumina. 

17 
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(6)  A  residue  is  left ;  the  solution  is  filtered  or  poured 
of!'  from  the  residue,  and  examined  according  to 
(604).  Examine  the  residue  as  in  (556). 

556.  The  residue  is  well  washed,-  dried,  and  calcined  in 
a  porcelain  crucible  at  a  moderate  heat,  any  indication  of 
the  presence  of  sulphur  being  carefully  looked  for. 

(а)  The  substance  burns  entirely  away.  It  consists 

of  sulphur  only. 

(б)  An  incombustile  residue  is  left.  If  this  residue  be 

light-colored,  it  may  contain  binoxide  of  tin,  anti- 
monic  acid  or  sulphate  of  lead,  and  should  be  ex¬ 
amined  by  (558).  If  the  residue  be  dark-color¬ 
ed,  it  may  contain,  in  addition  to  those  substances, 
gold,  platinum,  and  carbon  in  the  state  of  graphite. 
Examine  it  as  in  (557). 

557.  Boil  this  dark-colored  residue  with  a  mixture  of 
HYDROCHLORIC  acid  with  one-third  of  NITRIC  ACTD. 

(а)  It  is  entirely  dissolved,  and  therefore  probably 

consisted  of  finely-divided  gold  or  platinum,  or 
both.  Test  one  part  of  the  solution  for  gold  with 
protochloride  of  tin  (note  to  504c),  and  another 
for  platinum  with  chloride  of  ammonium.1 

(б)  An  insoluble  residue  is  left.  This  may  consist  of 

sulphate  of  lead.,  antimonic  acid,  binoxide  of  tin, 
arsenic  acid  (all  white),  and  carbon  as  graphite.2 
If  the  residue  is  black,  heat  it  to  redness  for  some 
minutes  upon  a  strip  of  platinum-foil  ;  if  it  burns 
entirely  away,  it  is  simply  carbon ;  but  should  it 
be  white,  or  leave  an  incombustible  residue,  treat  it 
as  follows : 

558.  Boil  with  a  strong  solution  of  acetate  of  ammo¬ 
nia  (acetic  acid  mixed  with  ammonia  in  slight  excess)  for 
a  few  minutes. 

(a)  The  substance-  is  entirely  dissolved ;  test  the  solu¬ 
tion  for  sulphate  of  lead  as  in  (553a). 

1  Some  sulphate  of  lead  would  also  be  dissolved  by  the  mixed  acids, 
but  need  not  be  regarded. 

2  Some  of  the  rarer  metals,  such  as  the  alloy  of  osmium  and  iridium, 
might  also  be  expected-  here,  as  might  also  titanic  acid.  Although 
arsenic  acid  is  very  soluble  when  alone,  it  may  occur  here  in  the  form 
of  an  insoluble  compound  with  binoxide  of  tin. 
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(6)  A  residue  is  left.  Filter  the  solution,  and  test  it 
for  lead  (201).  Dry  the  wished  residue  and  mix 
it  in  a  porcelain  crucible  with  three  or  four  parts 
of  powdered  cyanide  of  potassium.  Cover  the 
crucible,  heat  strongly  till  the  contents  are  in  a 
state  of  perfect  fusion,  and  keep  it  so  for  ten 
minutes.  (Observe  whether  there  is  any  garlic 
odor,  indicating  arsenic.)  When  the  crucible  is 
cool,  fill  it  with  boiling  water,  and  stir  well,  in 
order  to  dissolve  the  cyanate  of  potash  and 
cyanide  of  potassium  ;  allow  the  undissolved  por¬ 
tion  (possibly  tin,  antimony,  arsenic,  and  carbon) 
to  subside,  wash  it  by  decantation,1  rinse  it  into 
a  test-tube,  and  boil  with  a  little  strong  hydro¬ 
chloric  acid  for  a  few  seconds.  Decant  a  little 
of  the  hydrochloric  solution  into  another  tube, 
and  test  for  Tin  with  perchloride  of  mercury 
(230).  To  the  rest  of  the  acid  (on  the  residue) 
add  a  drop  or  two  of  nitric  acid,  and  continue  -to 
boil.  Any  Carbon  will  remain  undissolved.  The 
acid  solution  is  mixed  with  an  excess  of  saturated 
hydrosulphuric  acid  :  the  precipitate  collected 
upon  a  filter,  and  examined  as  directed  in  (572). 
The  filtered  solution  is  mixed  with  more  hydro- 
sulphuric  acid  and  boiled,  when  the  formation  of 
a  yellow  precipitate  indicates  Arsenic. 

SECTION  II. 

EXAMINATION  OF  A  LIQUID  SUPPOSED  TO  CONTAIN  TWO 
OR  MORE  METALS  AND  NON-METALS,  OR  BASES  AND 
ACIDS. 

559.  Examine  the  liquid  as  directed  in  (496,  497,  and 
498). 

(a)  The  solution  is  neutral  or  acid;  pass  on  to  (561)  or 

(604). 

(b)  The  solution  is  alkaline ;  pass  on  to  (560). 

1  If  there  be  any  metallic  globules,  try  them  as  to  their  malleabil¬ 
ity.  If  they  are  brittle,  it  is  well  to  pound  them  in  a  mortar  before 
boiling  with  hydrochloric  acid. 
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560.  Mix  a  part  of  the  alkaline  solution  with  enough 
dilute  nitric  acid  to  render  it  distinctly  acid.  If  no 
change  is  produced,  pass  on  to  (561). 

(a)  Effervescence  takes  place,  with  evolution  of  a  nearly 

inodorous  gas:  presence  of  an  alkaline  carbonate; 
pass  on  to  (561). 

( b )  The  liquid  becomes  milky ;  if  the  milkiness  does  not 

disappear  on  adding  more  nitric  acid,  and  gently 
heating,  it  is  probably  sulphur,  and  indicates  the 
presence  of  a  sulphide  or  hyposulphite  of  a  metal  of 
the  third  or  fourth  class;  boil,  filter,  and  pass  on 
to  (604). 

(c)  A  distinct  precipitate  separates,  which  is  not  dis¬ 

solved  by  more  nitric  acid.  Filter  off  the  precipi¬ 
tate  and  examine  the  solution  by  (604).  Wash  the 
precipitate,  and  endeavor  to  dissolve  it  by  boiling 
with  strong  hydrochloric  acid  and  a  few  drops  of 
nitric  acid ;  filter  the  solution,  and  examine  it  by 
(605).  If  there  be  any  undissolved  residue,  it 
must  be  washed,  dried,  and  examined  according 
to  (547). 


CHAPTER  IV. 

ACTUAL  ANALYSIS  OF  COMPLEX  COMPOUNDS  IN  A  STATE 
OF  SOLUTION.1 

SECTION  I. 

Examination  for  Metals. 

561.  Reserve  a  small  portion  of  the  solution. 

To  the  greater  part,  add  dilute  hydrochloric  acid. 

1  "When  a  complex  compound  has  been  partly  dissolved  by  water, 
and  partly  by  acids,  it  becomes  a  question  whether  the  solutions  should 
be  mixed  and  examined  together.  In  general,  it  may  be  stated  that 
when  a  knowledge  of  the  arrangement  of  the  constituents  is  desired, 
the  solutions  should  be  examined  separately,  but  when  the  sole  object 
is  to  learn  what  metals  and  non-metal  lie  bodies  are  present,  the  solu¬ 
tions  may  be  mixed,  observing  these  precautions  before  mixing:  (1) 
Acidulate  the  aqueous  solution  with  nitric  acid,  and  examine  any  pre- 
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(а)  No  precipitate  is  produced.  Pass  on  to  (562). 

(б)  A  precipitate  is  produced.  Add  an  excess  of  hy¬ 

drochloric  acid,  and  if  this  dissolves  it,  pass  on 
to  (562).  But  if  the  precipitate  remains  undis¬ 
solved,  even  on  gently  heating,  filter  the  solution 
and  reserve  the  precipitate  for  examination  by 
(569). 


Ilydrosulphurie  Acid  Test.1 

562.  A  few  drops  of  the  clear  solution  from  (561)  are 
mixed  with  a  saturated  solution  of  hydro, sulphuric  acid, 
and  boiled. 

(а)  No  precipitate,  except  sulphur  (see  5046)  is  pro¬ 

duced.  Treat  the  remainder  of  the  solution  (to 
which  no  hydrosulphuric  acid  has  been  added) 
according  to  (564). 

(б)  A  precipitate  (which  is  not  sulphur)  is  produced. 

The  remainder  of  the  clear  solution  from  (561)  is 
thoroughly  saturated  with  hydrosulphuric  acid 
gas,2  which  must  be  passed  through  it  until,  after 
removing  the  delivering-tube,  and  blowing  the  air 
from  the  surface  of  the  solution,  the  latter  smells 
distinctly  of  the  gas;  a  considerable  quantity  of  a 
saturated  solution  of  hydrosulphuric  acid  is  then 
added,  and  the  solution  filtered,  the  precipitate 
being  reserved  for  examination  by  (571),  and  the 
solution  examined  as  in  (563). 

563.  The  liquid  filtered  from  (562)  is  mixed  with  more 
hydrosulphuric  acid  (which  should  give  no  precipitate 


cipitate,  as  in  (560  c);  afterwards  mix  the  clear  liquid  with  hydro¬ 
chloric  acid,  and  reserve  any  precipitate  to  be  examined  by  (569). 
(2)  Mix  the  nitric  solution  with  hydrochloric  acid,  and  examine  any 
precipitate  by  (569).  (3)  If,  on  mixing  the  acid  solutions  after  these 

precautions,  any  precipitate  be  obtained,  it  must  be  collected  and  ex¬ 
amined  as  an  insoluble  substance  (548). 

1  "When  much  nitric  acid  has  been  used  in  dissolving  the  substance, 
the  solution  should  be  evaporated  to  a  very  small  bulk,  and  diluted 
with  water  acidified  with  hydrochloric  acid,  before  testing  with 
hydrosulphuric  acid. 

2  In  general,  it  is  preferable  to  add  a  large  quantity  of  a  saturated 
solution  of  hydrosulphuric  acid,  instead  of  passing  the  gas,  for 
although  this  very  much  increases  the  bulk  of  the  liquid,  the  dilution 
promotes  the  precipitation  of  the  metals  of  the  first  class. 
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if  the  previous  operation  had  been  well  executed)  and 
boiled.  If  a  yellow  precipitate  (due  to  the  presence  of 
arsenic  acid)  appears,  the  boiling  liquid  must  be  treated 
with  hydrosulphuric  acid  till  the  whole  of  the  arsenic  is 
precipitated.  The  yellow  precipitate  may  be  filtered  off, 
and  examined  for  arsenic  by  the  test  given  in  (250,  252). 
The  filtered  liquid  is  examined  by  (564). 

Hydrosulphcite  of  Ammonia  Test. 

564.  A  small  portion  of  the  liquid  in  which  hydrosul¬ 
phuric  acid  gave  no  precipitate,  or  which  has  been  filtered 
off  from  the  precipitate,  is  tested  with  a  few  drops  of  hydro- 
sulphuric  acid,  to  be  quite  sure  that  nothing  precipitable 
by  that  reagent  is  left,1  and  is  then  mixed  with  chloride 
of  ammonium,2  ammonia  in  excess,  and  hydrosulphate 
of  AMMONIA  (disregarding  any  precipitate  by  ammonia 
alone),  and  gently  heated.3 

(a)  No  precipitate  is  produced ;  proceed  with  the  ex¬ 
amination  of  the  main  portion  of  the  solution  by 
(565).  > 

(i b )  A  precipitate  is  produced :  treat  the  whole  of  the 
solution  in  the  same  way,  collect  the  precipitate 
upon  a  filter,  and  reserve  it  for  examination  by 
(576).  Proceed  to  examine  the  filtered  solution 
according  to  (565). 


Carbonate  of  Ammonia  Test. 

565.  A  small  portion  of  the  solution  in  which  hydro¬ 
sulphate  of  ammonia  gave  no  precipitate,  or  which  has 
been  filtered4  off  from  the  precipitate,  is  mixed  with  ciilo- 

1  If  the  solution  has  been  largely  diluted,  it  must  be  evaporated 
before  proceeding  further. 

2  To  prevent  the  precipitation  of  magnesia. 

3  Small  quantities  of  manganese  may  not  furnish  any  precipitate 
unless  the  liquid  be  allowed  to  stand  for  twelve  hours. 

4  If  this  filtered  liquid  is  brown,  it  probahly  contains  a  little  sul¬ 
phide  of  nickel,  or  possibly  of  cobalt,  and  must  he  evaporated  until 
the  excess  of  sulphide  of  ammonium  is  expelled  (known  by  the  odor), 
slightly  acidulated  with  dilute  hydrochloric  acid,  the  precipitate  col¬ 
lected  upon  a  filter  and  tested  by  (576),  and  the  filtered  liquid  mixed 
with  ammonia  and  carbonate  of  ammonia.  In  some  cases,  when 
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RIDE  OF  AMMONIUM,  AMMONIA  in  excess,  and  CARBONATE 
of  ammonia,  and  heated  to  boiling. 

(a)  No  precipitate  is  produced ;  proceed  with  the  ex¬ 

amination  of  the  solution  by  (566). 

(b)  A  precipitate  is  produced ;  treat  the  whole  of  the 

solution  in  the  same  way,  collect  the  precipitate 
upon  a  filter,  and  reserve  it  for  examination  by 
(591).  Proceed  to  examine  the  filtered  solution 
by  (566). 


Phosphate  of  Soda  Test. 

566.  A  small  portion  of  the  ammoniacal  liquid  in  which 
carbonate  of  ammonia  gave  no  precipitate,  or  which  has 
been  filtered  off1  from  the  precipitate,  is  mixed  with  phos¬ 
phate  of  soda,  well  stirred  with  a  glass  rod  (rubbed 
against  the  sides  of  the  tube),  and  set  aside  for  some 
minutes. 

(a)  No  precipitate  is  produced ;  evaporate  the  main  por¬ 

tion  of  the  solution  (to  which  no  phosphate  of  soda 
has  been  added)  to  dryness  in  a  small  porcelain 
dish,  and  calcine  the  residue  as  long  as  any  fumes 
of  ammoniacal  salts  are  evolved;  examine  the  resi¬ 
due  by  (567). 

(b)  A  crystalline  precipitate2  is  produced ;  presence  of 

magnesium  ;  evaporate  the  main  portion  of  the  so¬ 
lution  to  dryness,  calcine  the  residue  as  long  as 
any  fumes  of  ammoniacal  salts  are  evolved,  dis¬ 
solve  it  in  a  little  water,  add  baryta-water  as 
long  as  it  causes  any  precipitate  (sulphate  of  baryta 
and  hydrate  of  magnesia),  heat  and  filter ;  mix  the 

much  organic  matter  is  present,  the  filtrate  from  the  hydrosulphate 
of  ammonia  precipitate  may  still  contain  iron,  chromium,  &c.  In 
such  a  case  it  must  be  evaporated  to  dryness,  calcined  till  the  organic 
matter  is  consumed,  the  residue  dissolved  by  digesting  in  hydrochloric 
acid,  and  the  examination  recommenced  from  (5G4). 

1  If  this  solution  be  very  dilute,  it  should  be  concentrated  by  evapo¬ 
ration.  It  is  also  advisable  to  test  it  with  a  little  oxalate  of  ammonia, 
to  be  quite  sui*e  that  the  baryta,  strontia,  and  lime  have  been  entirely 
removed. 

2  A  slight  flocculent  precipitate  of  phosphate  of  alumina  is  occa¬ 
sionally  obtained  here. 
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filtered  liquid  with  ammonia  and  carbonate  of 
ammonia,  heat  to  boiling:  filter  off  the  precip¬ 
itated  carbonate  of  baryta,  evaporate  the  filtered 
liquid  to  dryness,  calcine  the  residue  as  long  as 
any  fumes  are  evolved,  and  examine  it  according 
to  (567). 

Tests  for  Potassium  and  Sodium. 

567.  The  residue,  after  evaporation  and  calcination,  is 
dissolved  in  as  little  water  as  possible,  the  solution  filtered, 
if  necessary,  and  divided  into  two  parts,  to  be  examined 
according  to  (a)  and  (6)  respectively. 

(a)  One  part  of  the  clear  solution  is  mixed,  in  a  watch- 

glass,  with  a  drop  or  two  of  dilute  hydro¬ 
chloric  acid  to  render  it  acid,  and  then  with  a 
few  drops  of  bichloride  of  platinum,  the  mix¬ 
ture  being  well  stirred  with  a  glass  rod  and  set  aside 
for  some  time.  A  yellow  granular  precipitate 
indicates  'potassium. 

( b )  The  other  part  of  the  solution  is  mixed,  in  a  watch- 

glass,  with  a  few  drops  of  antimoniate  of  pot¬ 
ash,  and  well  stirred  with  a  glass  rod.  A  white 
crystalline  precipitate  indicates  sodium. 


Test  for  Ammonium. 

568.  A  fresh  portion  of  the  original  solution  is  boiled 
with  an  excess  of  potash,  to  see  if  alkaline  vapors  with 
the  odor  of  ammonia  are  evolved,  indicating  the  presence 
of  Ammonium. 


Examination  of  the  Precipitate  by  Hydrochloric  Acid. 

569.  Wash  the  precipitate  once  or  twice  with  a  little  cold 
water  (by  decantation  if  possible),  and  boil  it  with  a  con¬ 
siderable  quantity  of  WATER. 

(a)  It  is  entirely  dissolved,  and  consisted  only  of  chlo¬ 
ride  of  lead,  indicating  the  presence  of  Lead. 
Confirm  by  (200). 
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(b)  It  is  not  entirely  dissolved ;  pour  off,  or  filter  off 
the  clear  solution,  and  test  for  lead  with  dilute 
sulphuric  acid  (200).  Examine  the  residue  by 
(570). 

570.  W  arm  the  residue  gently  with  ammonia. 

(a)  It  is  entirely  dissolved,  and  consisted  only  of  chlo¬ 

ride  of  silver,  indicating  the  presence  of  Silver ; 
confirm  by  reprecipitating  the  ammoniacal  solution 
with  excess  of  nitric  acid.  Confirm  by  (152). 

( b )  A  residue  is  left ;  if  the  residue  is  black  it  is  sub¬ 

oxide  of  mercury,  and  indicates  the  presence  of 
Mercury  as  a  mercurous  compound.  If  the  resi¬ 
due  be  white,  it  is  probably  some  chloride  of  lead. 
In  either  case,  filter  it  off,  and  test  the  solution  for 
Silver  by  adding  an  excess  of  nitric  acid,  which 
would  precipitate  the  chloride  of  silver. 

Examination  of  the  Precipitate  by  Hydrosulphuric  Acid. 

571.  The  precipitate  is  well  washed,  upon  the  filter, 
with  water,  until  the  washings  are  no  longer  strongly  acid  ; 
a  small  portion  of  it  is  then  taken  on  the  end  of  a  glass 
rod,1  and  placed  in  a  little  yellow  hydrosulphate  of 
ammonia  at  the  bottom  of  a  test-tube;  the  mixture  is 
heated  to  boiling. 

(a)  The  precipitate  is  entirely  dissolved ;  examine  the 

main  portion  of  the  precipitate  according  to  (572). 

( b )  A  residue  is  left;  filter  the  solution  from  the  res¬ 

idue,  and  add  to  the  clear  liquid  some  dilute 
hydrochloric  acid  in  slight  excess,  and  hydro- 
sulphuric  acid.  If  the  precipitate  thus  produced 
be  white,  or  at  most  slightly  brown  or  gray,  it 
consists  only  of  sulphur  separated  from  the  hydro- 
sulphate  of  ammonia  by  the  hydrochloric  acid  (379), 
showing  that  the  hydrosulphate  had  not  dissolved 
any  sulphide  of  tin,  antimony,  or  arsenic,  and  the 
main  portion  of  the  original  precipitate  may  then 
be  examined  according  to  (573). 

1  If  the  quantity  of  the  precipitate  be  very  small,  some  hot  hydro¬ 
sulphate  of  ammonia  may  be  poured  over  it,  upon  the  filter,  the  so¬ 
lution  obtained  being  treated  as  in  (5716). 
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But  if  the  precipitate  produced  by  hydrochloric 
and  hydrosulphuric  acids  in  the  hydrosulphate  of 
ammonia  solution,  he  yellow,  buff,  or  orange,  it 
contains  the  sulphide  of  tin,  antimony,  or  arsenic  ; 
the  main  portion  of  the  original  precipitate  must 
then  be  boiled  with  the  yellow  hydrosulphate 
of  ammonia  (being  first  rinsed  into  a  test-tube  or 
small  flask),  and  the  liquid  filtered  from  the  un¬ 
dissolved  portion,  which  is  to  be  reserved  for  ex¬ 
amination  by  (573).  The  filtered  liquid  is  mixed 
with  a  slight  excess  of  dilute  hydrochloric 
acid,  some  hydrosulphuric  acid  added,  the 
precipitate  collected  upon  a  filter,  washed  with 
water,  and  examined  according  to  (572). 

572.  The  precipitate  is  gently  heated  for  some  time 
with  solution  of  sesquicarboxate  of  ammonia  (saturated 
in  the  cold). 

(a)  It  is  entirely  dissolved,  and  consisted  only  of  sul¬ 

phide  of  arsenic;1 2  reprecipitate  the  solution  with 
a  slight  excess  of  dilute  hydrochloric  acid, 
and  confirm  the  presence  of  Arsenic 2  by  (252). 

( b )  A  residue  insoluble  in  carbonate  of  ammonia  is  left. 

Filter  it  off,  and  test  the  solution  for  sulphide  of 
arsenic  as  in  (a) ;  wash  the  residue  upon  the  filter, 
and  dissolve  it  in  boiling  HYDROCHLORIC  acid 
with  the  aid  of  two  or  three  drops  of  nitric  acid 

1  When  bisulphide  of  tin  is  mixed  with  sulphide  of  arsenic,  it  is 
also  liable  to  be  dissolved  by  sesqui carbonate  of  ammonia.  In  case 
of  doubt,  the  precipitate  produced  by  hydrochloric  acid  in  the  car¬ 
bonate  of  ammonia  solution  should  be  washed  till  free  from  that  acid, 
dried,  and  added,  together  with  the  iilter  in  small  pieces,  to  some 
nitrate  of  potash  fused  in  a  porcelain  crucible  The  cool  fused  mass 
is  treated  with  boiling  water  (which  will  generally  leave  a  residue,  if 
tin  is  present),  enough  nitric  acid  added  to  render  it  slightly  acid,  and 
boiled.  Any  precipitate  is  collected  upon  a  filter  and  examined  for 
tin  by  incinera'ting  the  filter  containing  it,  fusing  thfe  ashes  with  cy¬ 
anide  of  potassium,  washing  any  reduced  metal  with  water,  boiling 
with  hydrochloric  acid,  and  testing  with  perchloride  of  mercury  for 
tin.  The  solution  filtered  from  the  precipitate  produced  by  nitric 
acid  is  mixed  with  an  excess  of  ammonia,  and  a  mixture  of  sulphate 
of  magnesia,  chloride  of  ammonium,  and  ammonia  added  ;  on  stir¬ 
ring,  a  crystalline  precipitate  of  arseniate  of  magnesia  and  ammonia 
will  indicate  the  presence  of  arsenic. 

2  Ascertain  whether  the  arsenic  existed  as  arsenious  or  arsenic  acid 
by  special  tests  applied  to  the  original  solution. 
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(using  as  little  acid  as  possible) ;  mix  the  solution 
with  carbonate  OF  ammonia  in  considerable 
excess,  and  boil  it.1  If  no  precipitate  is  obtained, 
the  absence  of  Tin  may  be  inferred ;  but  if  a  pre¬ 
cipitate  is  produced,  collect  it  upon  a  filter,  wash 
it,  and  test  it  for  tin  as  in  the  note  to  (572a).  In 
either  case,  test  for  Antimony  in  the  solution  by 
adding  a  little  hydrosulphuric  acid,  filtering  off 
any  traces  of  sulphide  of  copper,  &c.,  thus  precip¬ 
itated,  and  mixing  the  filtered  liquid  with  excess 
of  hydrochloric  and  hydrosulphuric  acids,  to  ob¬ 
tain  the  orange  precipitate.2 

573.  That  portion  of  the  precipitate  which  has  been 
proved  to  be  insoluble  in  hydrosulphate  of  ammonia,  is 
washed  (until  the  washings  are  no  longer  precipitated  by 
nitrate  of  silver),  and  boiled  with  dilute  nitric  acid. 

(a)  It  is  entirely  dissolved,  except  a  few  light  flakes  of 

sulphur;  examine  the  solution  according  to  (574). 

(b)  A  residue  (besides  sulphur)  is  left.  Filter  off  the 

solution,  and  examine  it  by  (574).  Boil  the  res¬ 
idue  with  a  little  nitro-hydrochloric  acid 
(three  measures  of  hydrochloric  and  one  of  nitric 
acid),  add  a  slight  excess  of  ammonia,  then  a 
slight  excess  of  hydrochloric  acid,  and  boil 
with  two  or  three  slips  of  bright  copper  to  test 
for  Mercury  (218). 

574.  Evaporate  the  solution  to  as  small  a  bulk  as  is 
convenient,  mix  it  with  dilute  sulphuric  acid,  and  set 
it  aside  for  some  minutes.  A  heavy  granular  precipitate 
indicates  the  presence  of  Lead;  filter  the  solution,  and  ex¬ 
amine  it  according  to  (575). 

575.  To  the  solution  in  which  sulphuric  acid  has  failed 
to  produce  a  precipitate,  or  which  has  been  filtered  from 
the  precipitate,  add  ammonia  in  excess. 

(a)  No  precipitate  is  produced,  but  the  solution  has  a 
blue  color,  presence  of  Copper. 


1  A  blue  color  produced  here  indicates  the  presence  of  copper,  the 
sulphide  of  that  metal  not  being  entirely  insoluble  in  yellow  hydro¬ 
sulphate  of  ammonia. 

2  Special  tests  must  be  applied  to  the  original  solution  to  ascertain 
the  states  of  oxidation  in  which  the  tin  and  antimony  existed  there. 
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(6)  A  white  precipitate  is  produced;  filter  it  off,  ob¬ 
serve  if  the  solution  has  the  blue  color  indicating 
Copper ,l  dissolve  the  precipitate  in  as  small  a 
quantity  as  possible  of  dilute  hydrochloric 
acid,  evaporate  it  to  the  last  drop,  and  dilute 
largely  with  water ;  a  milkiness  indicates  Bismuth. 
(See  222.) 


Examination  of  the  precipitate  by  Hydrosulphate  of 
Ammonia. 

576.  The  precipitate  is  well  washed  upon  the  filter,  till 
the  washings  are  colorless,  and  treated  with  dilute  hy¬ 
drochloric  acid,  which  may  be  heated  and  poured  over 
the  precipitate  upon  the  filter.2  (If  a  black  residue  is  left 
which  refuses  to  dissolve  in  hot  dilute  hydrochloric  acid, 
wash  it,  examine  a  portion  by  the  borax-bead  for  nickel 
and  cobalt,  dissolve  the  remainder  in  nitric  acid,  add  it  to 
the  hydrochloric  solution,  and  proceed  as  follows)  : 

Evaporate  the  solution  to  dryness,  and  heat  the  residue 
with  a  little  hydrochloric  acid  ;  any  white  flakes,  re¬ 
fusing  to  dissolve,  are  probably  silica ;  confirm  by  (150). 
Boil  the  filtered3  solution  with  a  few  drops  of  nitric  acid 
as  long  as  it  alters  in  color  (to  convert  any  ferrous  oxide 
into  ferric  oxide). 

If  there  is  any  reason  to  believe  (from  the  dark  green 
color  of  the  solution)  that  much  chromium  is  present,  pass 
on  to  (588);  otherwise,  examine  by  (577). 

577.  Take  away  one  or  two  drops  of  the  solution,  add 


1  Cadmium  might  also  be  found  in  this  solution  by  acidulating  it 
very  slightly  -with  hydrochloric  acid,  precipitating  with  hydrosul- 
phuric  acid,  washing  the  precipitate  till  quite  free  from  acid,  and 
boiling  it  with  dilute  sulphuric  acid,  which  dissolves  sulphide  of  cad¬ 
mium  only.  On  mixing  the  filtered  solution  with  much  hydrosul- 
phuric  acid,  the  bright  yellow  sulphide  of  cadmium  will  be  precipi¬ 
tated. 

2  Any  white  gelatinous  residue,  refusing  to  dissolve  even  when 
boiled  with  strong  hydrochloric  acid,  is  probably  silica  (150). 

3  If  the  liquid  passes  through  the  filter  with  a  milky  appearance, 
titanic  acid  is  probably  present.  It  may  be  recognized  by  the  pearly 
blue  bead  with  microcosmic  salt  in  the  inner  blowpipe  flame. 
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water,  and  test  with  ferrocyanide  of  potassium;  a 
blue  precipitate  indicates  iron }  Pass  on  to  (578). 

578.  To  the  bulk  of  the  solution,  diluted  with  a  little 
water,  add  carbonate  of  ammonia  by  degrees,  with  con¬ 
stant  stirring,  until  the  precipitate  formed  at  first,  rcdis- 
solves  with  some  difficulty,  on  stirring.  Add  acetate  of 
AMMONIA1 2 3  as  long  as  it  alters  the  color  of  the  liquid.  (If 
iron  be  present,  the  solution  will  have  a  red  color  due  to 
ferric  acetate.  If  the  addition  of  acetate  of  ammonia 
should  produce  a  precipitate,  it  may  be  due  to  ferric  phos- 
phate,  phosphate  of  alumina,  oxalate  of  lime  or  fluoride  of 
calcium,  but  it  need  not  be  filtered  off  before  proceeding.) 
Add  a  few  drops  of  acetic  acid,  and,  if  necessary,  enough 
perchloride  of  iron  to  give  a  red  color  to  the  liquid. 
Dilute  with  three  or  four  volumes  of  water,  boil  for  two  or 
three  minutes,  and  filter  while  hot.  Wash  the  precipitate 
with  boiling  water,  and  examine  it  according  to  (581). 
Proceed  with  the  filtered  liquid  as  in  (579). 

579.  Evaporate  to  a  small  volume  (filter  off  any  precipi¬ 
tate  of  basic  acetate  of  iron  or  aluminum  formed  during 
evaporation),  and  add  ammonia  in  excess  (filter  off  any 
slight  precipitate  of  alumina,  oxalate  of  lime,  or  fluoride  of 
calcium),  and  a  little  hydrosulphate  of  ammonia. 

(а)  No  precipitate5  is  produced.  Pass  on  to  (580). 

(б)  A  precipitate  is  produced.  Collect  it  upon  a  filter, 

wash  it,  and  examine  by  (583).  Proceed  with  the 
filtered  solution4  according  to  (580). 

580.  Add  carbonate  of  ammonia  and  boil. 

(a)  No  precipitate  is  produced.  Add  phosphate  of 
soda  and  stir ;  a  crystalline  precipitate  indicates 
magnesium.5 

1  Examine  the  original  solution,  to  ascertain  whether  the  iron  ex¬ 
isted  there  as  a  ferrous  or  ferric  compound  (307).  (See  footnote  5266.) 

2  Prepared  by  adding  acetic  acid  to  ammonia  until  the  liquid 
slightly  reddens  blue  litmus-paper. 

3  If  manganese  be  present  in  small  quantity,  it  may  not  be  precipi¬ 
tated  for  several  hours. 

*  Should  this  solution  have  a  brown  color,  due  to  dissolved  sulphide 
of  nickel,  evaporate  it  down,  acidulate  with  acetic  acid,  filter  off  the 
sulphide  of  nickel,  add  ammonia  in  excess,  and  proceed  as  in  (580). 

5  When  much  iron  or  aluminum  is  present,  magnesium  is  often 
carried  down  in  the  hydrosulphate  of  ammonia  precipitate,  although 
no  phosphoric  acid  existed  in  the  solution. 
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(6)  A  precipitate  is  produced.  Collect  it  upon  a  filter, 
and  examine  it  as  in  (591)  for  the  calcium,  barium, 
or  strontium  which  had  been  present  in  the  original 
precipitate  by  hydrosulphate  of  ammonia  in  com¬ 
bination  (probably)  with  phosphoric  acid.  Ex¬ 
amine  the  filtered  solution  as  in  (580  a). 

581.  The  precipitate  produced  by  boiling  with  ace¬ 
tate  of  ammonia  in  (578)  is  dissolved  off  the  filter  in  hot 
dilute  hydrochloric  acid,  the  solution  evaporated 
nearly  to  dryness  to  expel  excess  of  acid,  mixed  with  an 
excess  of  potash1  (or  soda),  and  boiled.  The  precipitate 
is  collected  upon  a  filter,  washed,  and  examined  by  (586). 
The  filtered  solution  is  acidulated  with  hydrochloric 
acid,  and  afterwards  mixed  with  ammonia  in  excess. 

(a)  No  precipitate  is  produced.  Pass  on  to  (582). 

( b )  A  precipitate  is  produced..  Presence  of  aluminum. 

Add  hydrochloric  acid  till  the  precipitate  is 
dissolved  ;  add  some  tartaric  acid  (to  prevent 
the  precipitation  of  alumina);  add  ammonia  in 
excess,  and  pass  on  to  (582). 

582.  Add  a  clear  mixture  of  sulphate  of  magnesia  with 
chloride  of  ammonium  and  excess  of  ammonia,  and  stir 
with  a  glass  rod.  A  crystalline  precipitate  indicates  phos¬ 
phoric  acid  (388). 

583.  The  precipitate  produced  by  hydrosulphate  of 
ammonia  in  (579)  is  dissolved  off  the  filter  with  hot  di¬ 
lute  nitric  acid,  the  solution  evaporated  to  a  very  small 
bulk,  and  mixed  with  potash  in  excess. 

(a)  No  precipitate  is  produced ;  add  hydrosulphuric 

acid.  A  white  or  dingy-white  precipitate  indi¬ 
cates  Zinc  (291). 

(b)  A  precipitate  is  produced;  filter  it  off,  and  examine 

the  solution  as  in  (a) ;  wash  the  precipitate,  and 
proceed  as  in  (584). 

584.  Dissolve  the  precipitate  in  dilute  hydrochloric 
acid  (brown  color  indicates  manganese),  evaporate  to  a 
small  bulk,  add  carbonate  of  ammonia  in  excess,  and 
boil. 

1  The  ordinary  potash  of  the  laboratory  is  liable  to  contain  alumina 
and  phosphoric  acid.  Pure  potash  or  soda  should  be  employed  when 
small  quantities  of  those  bodies  are  sought  after. 
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(а)  No  precipitate  is  produced.  Pass  on  to  (585). 

(б)  A  precipitate  is  produced.  Filter  it  off,  and  test  it 

for  manganese  by  (138).  Examine  the  solution  as 
in  (585). 

585.  Add  to  the  solution  some  solution  of  cyanide  of 
POTASSIUM  as  long  as  it  produces  any  change  of  color ; 
boil,  and  add  hydrochloric  acid  in  excess.  Continue 
to  boil  (in  a  dish)  with  repeated  addition  of  hydrochloric 
acid,  till  no  more  hydrocyanic  acid  can  be  perceived  by  the 
smell :  add  potash  in  excess,  and  boil  till  no  more  am¬ 
monia  is  smelt,  even  on  adding  more  potash. 

(a)  No  precipitate  is  produced.  Acidulate  the  solution 

with  nitric  ACID,  evaporate  to  dryness,  fuse  the 
residue  in  the  dish  for  some  minutes,  allow  it  to 
cool,  treat  it  with  hot  water,  and  collect  the  undis- 
‘  solved  residue  upon  a  filter,  to  be  tested  before  the 
blowpipe  for  cobalt  (127). 

( b )  A  precipitate  is  produced ;  collect  it  upon  a  filter, 

wash  it  several  times  with  water,  and  test  it  for 
nickel  with  a  bead  of  borax  (142).  Examine  the 
filtered  solution  as  in  (a). 

586.  The  precipitate  produced  by  potash  in  (581)  is 

dried,  together  with  the  filter,  placed  in  a  porcelain  crucible, 
heated  till  the  paper  is  entirely  consumed,  the  residue  pow¬ 
dered,  mixed  with  about  one  part  of  carbonate  of  soda 
and  three  parts  of  nitrate  of  potash,  returned  to  the 
crucible,  and  fused  for  some  minutes.  After  cooling,  stir 
the  fused  mass  with  boiling  water  poured  into  the  crucible. 
Filter  off  the  solution,  and  examine  as  in  (587).  Wash 
the  residue,  dissolve  it  in  hydrochloric  acid,  add  am¬ 
monia  in  excess  and  hydrosulphate  of  ammonia  :  filter 
off  the  precipitated  sulphide  of  iron,  and  examine  the 
solution  as  in  (565)  for  the  alkaline  earths1  which  were 
probably  present  in  the  original  precipitate  as  oxalates  or 
fluorides. 

587.  The  solution  obtained  from  the  fused  mass  in  (586) 
is  acidified  with  acetic  acid  and  divided  into  two  parts. 

(a)  One  part  is  boiled  (to  expel  nitrous  acid)  and  tested 

1  A  minute  quantity  of  lime  would  be  obtained  from  the  ashes  of 
the  filter. 
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with  acetate  of  lead;  a  yellow  precipitate 
i  ridicates  Chromium } 

(b)  The  other  part  is  tested  with  chloride  of  calcium 
for  Fluorine  (409). 

588.  When  the  presence  of  much  chromium  is  sus¬ 
pected,  the  solution  prepared  in  (576)  is  mixed  with  solu¬ 
tion  of  carbonate  of  soda,  till  it  is  strongly  alkaline, 
boiled  for  some  minutes,  and  filtered.  The  precipitate  is 
washed,  and  examined  by  (589). 

The  solution  is  tested  for  phosphoric  acid  (382). 

589.  The  precipitate  filtered  off  in  (588)  is  dried,  and 
fused  with  carbonate  of  soda  and  nitrate  of  potash,  as  in 
(586) ;  the  fused  mass,  when  cold,  is  treated  with  boiling 
water,  as  therein  directed,  any  undissolved  residue  being 
collected  upon  a  filter,  washed,  and  examined  by  (590). 
The  solution  is  acidulated  with  acetic  acid  and  lJbiled. 

A  brown  precipitate  indicates  Manganese  (138).  To 
the  solution,  filtered  if  necessary,  add  ammonia  in  excess. 
Filter  off  any  precipitate  of  alumina ,1 2  and  examine  it  for 
phosphoric  acid  by  (5815). 

Divide  the  filtered  solution  into  three  parts.  Test  one 
for  phosphoric  acid  (382),  another  for  fluorine  (409),  and  a 
third  for  chromium  (as  chromic  acid)  (587a). 

590.  The  undissolvcd  residue  from  (589)  is  dissolved 
in  hydrochloric  acid,  and  examined  as  in  (577,  &c.). 

Examination  of  the  Precipitate  by  Carbonate  of 
Ammonia. 

591.  The  precipitate  is  washed,  and  dissolved  off  the 
filter  in  as  little  dilute  hydrochloric  acid  as  possible ; 
the  solution  is  evaporated  to  dryness,  and  the  residue  dis¬ 
solved  in  a  little  water. 

592.  To  a  small  portion  of  the  solution  add  sulphate 
of  LIME. 

1  The  state  of  oxidation  in  which  the  chromium  existed  in  the  orig¬ 
inal  solution  (whether  as  oxide  or  as  chromic  acid)  must  be  deter¬ 
mined  by  special  tests. 

2  A  small  quantity  of  alumina  might  be  derived  from  the  ash  of 
the  filter-paper  if  it  had  been  incinerated  as  in  (586).  When  a  porce¬ 
lain  crucible  is  employed  in  the  fusion,  a  little  alumina  may  be  de¬ 
rived  from  it  if  too  high  a  temperature  be  employed. 
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(a)  A  precipitate  is  formed  at  once.  Presence  of  Ba¬ 

rium.  Pass  on  to  (593  a). 

(b)  A  precipitate  is  formed  only  on  standing  for  some 

time,  or  on  gently  heating.  Presence  of  Strontium. , 
Pass  on  to  (593  b). 

(c)  No  precipitate  is  formed  even  on  gently  heating. 

Test  another  portion  of  the  solution  with  ammonia 
and  oxalate  of  ammonia  for  Calcium. 

593.  (a)  To  another  portion  of  the  solution,  add  an  ex¬ 
cess  of  hydrofluosilicic  acid,  stir  well  and  set  aside 
for  a  few  minutes.  Filter  the  solution  from  the  silico- 
fluoride  of  barium,  test  with  hydrofluosilicic  acid,  to  see 
that  all  the  barium  has  been  separated,  and  add  sulphate 
of  lime.  Set  the  solution  aside  for  some  time,  to  see  if 
any  precipitate  indicating  Strontium  is  separated. 

(6)  Mix  the  remainder  of  the  solution  with  excess  of 
dilute  sulphuric  acid,  allow  it  to  stand  for 
some  time,  filter  off'  the  precipitate,  again  test  the 
solution  with  sulphuric  acid,  to  be  sure  that  all 
the  barium  and  strontium  have  been  precipitated, 
and  add  ammonia  in  excess,  and  oxalate  of  am¬ 
monia  ;  a  white  precipitate  indicates  Calcium. 

Examination  of  complex  substances  for  Non-Metals  and 
Acids. 

A.  The  analyst  has  a  portion  of  the  solid  substance  at  his 
disposal.  If  not,  see  (611). 

594.  Heat  a  small  portion  of  the  solid  upon 

A  PIECE  OF  BROKEN  PORCELAIN,  OR  A  SCRAP  OF  PLA¬ 
TINUM-FOIL. 

(а)  Blackening,  with  evolution  of  a  peculiar  odor ; 

Tartaric ,  Citric ,  Gallic,  Tannic,  Benzoic  (odor  of 
frankincense),  Citric,  Acetic,  or  Hydroferrocyanic 
(odor  of  ammonia)  acid  may  be  present. 

(б)  Sulphurous  odor ;  Sulphur  is  present,  either  as  a 

Sulphide,  a  Hyposulphite,  or,  less  probably,  a  Sid- 
phite  or  Sulphate. 

(c)  Rapid  combustion  or  explosion ;  a  Nitrate  or  Chlo¬ 
rate,  together  with  carbon  or  some  organic  sub¬ 
stance,  or  sulphur,  or  phosphorus  (white  flame  and 
thick  smoke). 
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595.  Heat  a  little  of  the  solid  in  a  glass 
tube  (478).  Some  of  the  above  phenomena  may  be  ob¬ 
served,  and,  in  addition, 

(a)  Deposition  of  moisture,  which  may  be  due  to  the 

presence  of  Water  in  the  solid,  or  to  its  production 
from  some  organic  substance. 

(b)  Brown  nitrous  fumes ;  indicating  a  Nitrate. 

(c)  Violet  fumes  ;  Iodine  or  an  Iodide. 

(d)  Cyanogen  is  evolved  (burning  with  a  pink  flame) ; 

a  cyanide  or  ferrocyanide. 

596.  Heat  a  small  portion  of  the  solid  with 

STRONG  SULPHURIC  ACID. 

Refer  to  (479)  for  the  phenomena  likely  to  be  observed. 
In  dealing  with  a  complex  substance,  it  must  be  remem¬ 
bered  that 

Carbonic  acid  may  either  be  derived  from  a  carbonate, 
or  from  the  reaction  between  an  oxidizing  agent  (such  as 
chromic  acid  or  binoxide  of  manganese)  and  organic  matter.. 

Chlorine  may  be  derived  from  a  hypochlorite,  or  from 
the  reaction  between  a  chloride  and  an  oxidizing  agent 
(such  as  nitric  acid,  chromic  acid,  or  binoxide  of  man¬ 
ganese). 

597.  Heat  a  little  of  the  solid  with  dilute 

HYDROCHLORIC  ACID. 

Refer  to  (480)  for  the  phenomena  likely  to  be  observed. 
In  addition  to  the  remarks  made  in  (596),  it  must  be  here 
borne  in  mind  that 

Hydrosulphuric  acid  may  be  derived  from  a  sulphide,  or 
from  the  reaction  between  a  sulphite  or  hyposulphite  and 
some  deoxidizing  agent  (such  as  metallic  zinc),  in  the  pres¬ 
ence  of  the  hydrochloric  acid. 

598.  Boil  twenty  or  thirty  grains  of  the  powdered  sub¬ 
stance  with  water,  filter  the  solution,  if  necessary,  and  re¬ 
serve  the  undissolved  portion  for  examination  by  (608). 
Examine  the  solution  as  in  (599). 

599. 1  To  a  portion  of  the  solution,  add  dilute  sul¬ 
phuric  acid,  and  heat  gradually  to  boiling. 


1  It  is  of  course  impossible  that  this  solution  can  contain  all  the 
bases  and  acids  in  the  list,  since  several  of  them  would  form  salts 
which  are  insoluble  in  water,  as  baryta  and  sulphuric  acid,  oxide  of 
silver  and  hydrochloric  acid,  &c.  It  is  consequently  unnecessary, 
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(a)  Effervescence  takes  place  even  in  the  cold,  and  a 

nearly  inodorous  gas  is  evolved ;  presence  of  Car¬ 
bonic  Acid.  Confirm  by  (422). 

(b)  The  odor  of  burning  sulphur  is  perceptible  ;  pres¬ 

ence  of  Sulphurous  or  Hyposulphurous  Acid  (in 
the  latter  case,  sulphur  will  separate). 

(c)  The  gas  has  an  odor  of  putrid  eggs ;  presence  of 

Hydrosulphuric  Acid  or  of  Sulphur  combined  with 
a  metal. 

(d)  The  smell  of  chlorine  is  perceived ;  presence  of 

Hypochloi'ous  or  of  Chloric  Acid.  Confirm  by 
(394,  395  a,  397). 

(e)  Hydrocyanic  Acid  is  smelt  at  the  mouth  of  the 

tube ;  presence  of  Hydrocyanic  Acid,  or  a  Cyanide, 
or  of  Hydroferrocyanic  Acid,  or  a  Ferrocyanide. 
Confirm  by  (436,  440). 

(/)'  Acetic  and  Benzoic  Acids  will  be  recognized  by  their 
characteristic  odors. 

600.  To  a  portion  of  the  solution  from  (598)  add  chlo¬ 
ride  OF  BARIUM.1 

(а)  A  precipitate  insoluble  in  dilute  nitric  acid  indi¬ 

cates  sulphuric  acid.  Pass  on  to  (602). 

(б)  A  precipitate  soluble  in  dilute  nitric  acid  indi¬ 

cates  phosphoric,  boracic,  oxalic,  sulphurous,  hypo- 
sulphurous  [ carbonic ,  arsenious,  arsenic,  silicic, 
hydrofluoric],  tartaric,  citric  [or  chromic  (yellow 
precipitate)]  acid.2  Pass  on  to  (602). 

(c)  No  precipitate  ;  pass  on  to  (601). 

601.  To  a  fresh  portion  of  the  solution  add  ammonia 
in  slight  excess,  filter,  if  necessary,  and  add  chloride  of 
BARIUM. 

(a)  A  precipitate  indicates  one  of  the  acids  mentioned 

in  (600  6) ;  pass  on  to  (602). 

(b)  No  precipitate  ;  pass  on  to  (602). 


after  having  determined  the  bases  in  a  mixture  of  salts  soluble  in 
water,  to  look  for  any  acids  which  form  with  them  salts  that  are  in¬ 
soluble.  (See  Table  of  Solubilities  in  the  Appendix.) 

1  If  lead,  silver,  or  mercury  (mercurous)  be  present,  the  nitrate  of 
baryta  must  be  used. 

2  The  acids  inclosed  in  brackets  should  have  been  already  detected 
with  certainty  in  the  earlier  operations  of  the  analysis. 
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602.  To  a  fresh  portion  of  the  solution  add  chloride 

OF  CALCIUM.1 

(a)  A  precipitate  insoluble  in  acetic  acid  indicates 

oxalic  [or  hydrofluoric ]  acid  (430,  405).  Pass  on 
to  (604). 

(b)  A  precipitate  soluble  in  acetic  acid  indicates  'phos¬ 

phoric,  boracic,  tartaric  [sulphurous,  carbonic, 
arsenious,  arsenic,  silicic,  hydrofluoric]  acids.  Add 
to  the  solution  in  acetic  acid,  a  drop  of  perchlo- 
rtde  of  iron1  from  the  end  of  a  glass  rod.  Yel¬ 
lowish-white  precipitate  indicates  phosphoric  [or 
arsenic]  acid  (383,  387).  (A  red  color  of  the  solu¬ 
tion  may  be  due  to  the  ferric  acetate  formed  by  the 
acetic  acid  previously  added.)  Pass  on  to  (604). 

(c)  No  precipitate  ;  pass  on  to  (603). 

603.  To  a  fresh  portion  of  the  solution,  add  ammonia 
in  slight  excess,  filter,  if  necessary,  and  add  CHLORfDE  of 
CALCIUM. 

(а)  A  precipitate  is  produced.  See  (602  a  and  b). 

(б)  No  precipitate  ;  pass  on  to  (604). 

604.  To  a  fresh  portion  of  the  solution,  add  nitrate  of 

SILVER. 

(a)  A  precipitate  insoluble  in  dilute  nitric  acid  indi¬ 
cates  hydrochloric,  hydrocyanic,  hydrosulphocyanic , 
liydroferrocyanic,  hydroferricyanic  (brown),  [hydri- 
odic  (yellow),  or  hydrosulphuric  (black)]  acid. 
Wash  the  precipitate  well  with  water,  and  treat  it 
with  AMMONIA. 

Undissolved  by  ammonia;  iodide,  ferrocy- 
anide,  and  sulphide  (black)  of  silver.  Wash 
this  undissolved  precipitate,  and  treat  it  with 
hot  dilute  nitric  acid;  sulphide  of  silver  is  dis¬ 
solved  ;  ferrocyanide  of  silver  is  converted  into 
brown  ferricyanide,  which  is  soluble  in  am¬ 
monia;  iodide  of  silver  remains  unchanged. 
Pass  on  to  (605). 

Dissolved  by  ammonia  \  chloride,  cyanide,  fer¬ 
ricyanide,  and  sulphocyanide  of  silver.  Evapo- 

1  If  lead,  silver,  or  mercury  (mercurous)  be  present,  this  test  may 
be  omitted. 
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rate  the  solution  to  dryness,  calcine  the  residue, 
and  heat  it  with  ammonia.  Chloride  of  silver 
will  be  dissolved,  and  may  be  obtained  as  a 
white  precipitate  by  adding  excess  of  nitric  acid 
to  the  ammoniacal  solution.  (The  residue  insolu¬ 
ble  in  ammonia  may  consist  of  metallic  silver 
and  of  ferric  oxide  obtained  from  the  ferricy- 
anide.)  Pass  on  to  (605). 

(b)  A  precipitate  soluble  in  dilute  nitric  acid  indicates 

b oracic  [oxalic],  tartaric  [ sulphurous  (374),  hyposul- 
phurous  (376  a)],  phosphoric  (yellow),  [silicic,  car¬ 
bonic],  citric,  benzoic  [arsenious  (yellow),  arsenic 
(brown),  chromic  (red)].  Pass  on  to  (605). 

(c)  No  precipitate ;  pass  on  to  (605). 

605.  To  a  fresh  portion  of  the  solution  add  pekciilo- 
eide  of  iron,1  drop  by  drop. 

( а )  A  precipitate  may  be  due  to  phosphoric  (yellowish- 

white),  [arsenic  (yellowish-white)],  hydroferrocy- 
anic  (blue),  [hydrosulphuric  (black)],  hydriodic 
(black  precipitate  of  iodine),  benzoic  (buff),2  gallic 
(blue-black),  or  tannic  (blue-black)  acid.  Observe 
the  color  of  the  solution,  and  compare  with  (605  b). 

(б)  No  precipitate.  Observe  the  color  of  the  solution. 

Light  red,  acetic  acid  (434).  Dark  red,  hydrosul- 
phocyanic  (bleached  by  perchloride  of  mercury). 
Dark  brown,  hydroferricyanic (usually  with  a  shade 
of  green  due  to  a  little  hydroferrocyanic).  Inky 
blue,  gallic  or  tannic.  Fugitive  red  or  purple, 
sulphurous  or  hyposulphurous.  Pass  on  to  (606). 

606.  To  a  fresh  portion  of  the  solution,  add  ammonia 
till  it  is  slightly  alkaline,  and  acetic  acid  till  it  is  slightly 
acid.  Add  perchloride  of  iron,3  drop  by  drop. 

(а)  A  precipitate  may  be  due  to  either  of  the  acids 

mentioned  in  (605  a),  except  benzoic.  Pass  on  to 
(607). .  _ 

(б)  No  precipitate ;  observe  the  color  of  the  solution, 

1  If  lead,  silver,  or  mercury  (mercurous)  be  present,  this  test  must 
be  omitted. 

2  If  the  original  solution  be  alkaline,  a  buff  or  brown  precipitate 
may  be  due  to  precipitated  peroxide  of  iron  only. 

3  See  footnote  to  (605). 
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and  compare  with  (605  b),  remembering  that  a  light, 
red  color  will  be  due  to  the  acetic  acid  which  has 
been  added.  Pass  on  to  (607). 

607.  The  following  acids,  which  may  have  escaped  de¬ 
tection,  must  be  sought  by  the  paragraphs  to  which  refer¬ 
ence  is  made : 

Nitric  (366,  367),  Chloric  (395  a),  Hydrocyanic  (436), 
Boracic  (411,  412),  Tartaric  (444),  Citric  (451),  Acetic 
(432). 

608.  Dissolve  a  portion  of  the  substance  insoluble  in 
water  by  boiling  with  dilute  hydrochloric  acid,  filter 
the  solution,  if  necessary,  and  examine  by  the  following 
tests : 

(a)  Chloride  of  barium;  a  white  precipitate  indi¬ 

cates  Sulphuric  Acid. 

(b) 1  Ammonia  in  excess,  and  hydrosulphate  of  am¬ 

monia  ;  and  carbonate  of  ammonia  ;  heat  the 
solution  to  boiling,  and  filter,  if  necessary ;  to  the 
filtered  liquid  add  a  clear  mixture  of  sulphate 
of  magnesia,  chloride  of  ammonium,  and 
ammonia.  Stir  well  with  a  glass  rod,  and  set 
aside  for  some  time.  Crystalline  precipitate, 
presence  of  Phosphoric  Acid.1 2 

(c)  Dip  a  piece  of  turmeric  paper  into  the  solution, 

and  dry  it  at  a  gentle  heat;  a  brown  orange  color 
indicates  Boracic  Acid.  Pass  on  to  (609). 

609.  Boil  a  portion  of  the  substance  (insoluble  in  water) 
with  dilute  nitric  acid;  filter  if  necessary,  and  add  ni¬ 
trate  of  silver  to  test  for  Hydrochloric  Acid  (a  chloride). 
See  (604  a). 

610.  Boil  a  portion  of  the  substance  insoluble  in  water 
with  a  strong  solution  of  carbonate  of  soda  for  a  few 
minutes ;  the  bases  will  thus  be  converted  into  insoluble 
carbonates,  and  the  acids  will  pass  into  solution. 

(a)  Acidify  a  portion  of  the  solution  very  slightly  with 
dilute  hydrochloric  acid,  dip  a  piece  of  tur¬ 
meric  paper  into  it,  and  dry  it  at  a  gentle  heat 
for  Boracic  Acid. 

1  See  (388). 

2  If  any  arsenic  acid  be  present,  it  must  be  separated  by  hydrosul- 
phuric  acid  before  testing  for  phosphoric  acid. 
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(b)  Acidify  a  portion  of  the  solution  very  slightly  with 

dilute  hydrochloric  acid,  heat  it  to  expel  free 
carbonic  acid,  render  it  very  slightly  alkaline  with 
ammonia,  and  add  chloride  of  calcium  to  de¬ 
tect  Oxalic,  Tartaric,  and  Citric  Acids.  See  (602). 

(c)  Neutralize  a  portion  of  the  alkaline  solution  very 

carefully  with  dilute  hydrochloric  acid,  and 
add  perchloride  of  iron  to  detect  Benzoic / 
Hydroferrocycinic,  Tannic,  Gallic,  and  Acetic  Acids. 
See  (605). 

(d)  Acidify  a  portion  of  the  solution  very  slightly  with 

DILUTE  NITRIC  ACID,  and  add  NITRATE  OF  SILVER 
to  detect  Hydriodic  and  Hydrocyanic  Acids.  See 
(604  a). 


B.  The  analyst  has  only  the  solution  at  his  disposal. 

611.  Examine  the  solution  according  to  (599-607)  and 
according  to  (608  b,  608  c). 

Mix  a  part  of  the  solution  with  a  strong  solution  of  car¬ 
bonate  of  soda  in  excess,  boil  for  a  minute  or  two,  filter 
if  necessary,  and  examine  the  solution  as  in  (610  a,  b,  c,  d). 

1  Benzoic  acid  would  probably  be  precipitated  by  adding  hydro¬ 
chloric  acid  (457). 


PART  IY. 


QUANTITATIVE  ANALYSIS. 


Introductory  Remarks. 

612.  In  the  processes  which  I  have  now  described,  the 
object  of  the  experimenter  has  been  to  ascertain  what  sub¬ 
stances  are  present  in  a  given  salt  or  mixture  of  salts,  which 
branch  of  analysis  is  called  qualitative.  I  will  now  detail 
a  few  processes  which  have  for  their  object  the  determina¬ 
tion  of  the  quantity  of  the  ingredients  of  saline  compounds: 
this  branch  of  analysis  is  called  quantitative.  It  is  not  my 
intention  to  enumerate  the  methods  which  have  been 
devised  for  the  separation  and  estimation  of  all,  even  of  the 
more  common  compounds-,  but  merely  to  give  the  student 
a  general  idea  of  the  subject,  by  conducting  him  through  a 
few  simple  examples  of  quantitative  analysis,  referring 
him,  if  he  wishes  for  more  extended  information,  to  the 
larger  works  of  Rose  and  Fresenius.1 

613.  I  will  first  briefly  describe  some  of  the  more  im¬ 
portant  operations  which  have  to  be  performed  in  the 
course  of  a  quantitative  analysis ;  and  the  student  must 
bear  in  mind  that  the  more  care  he  bestows  upon  them,  the 
more  correct  will  be  his  results;  as  the  loss  of  a  single  drop 
of  liquid,  or  the  presence  of  a  very  small  quantity  of  solu¬ 
ble  matter  left  in  a  precipitate,  owing  to  carelessness  in 
washing,  will  often  occasion  serious  errors. 

1  Traite  Pratique  d’Analyse  Chimique,  par  H.  Rose,  of  which  an 
English  translation  by  Dr.  Normandy  has  been  published. 

Chemical  Analysis,  Qualitative  and  Quantitative,  by  C.  R.  Fre¬ 
senius,  translated  by  Bullock. 
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CHAPTER  I. 

OPERATIONS  IN  QUANTITATIVE  ANALYSIS. 

Pulverization. 

614.  Most  substances  may  be  reduced  to  sufficiently  fine 
powder  for  analysis,  by  pounding  in  a  common  Wedgwood 
mortar ;  in  some  cases,  however,  it  is  first  necessary  to  break 
the  substance  into  small  fragments,  in  one  of  iron  or  gun- 
metal  ;  or  in  default  of  this,  the  substance  may  be  loosely 
wrapped  in  strong  brown  paper,  and  struck  with  a  ham¬ 
mer.  When  the  substance  is  difficult  of  solution,  as  in  the 
case  of  some  siliceous  minerals,  it  is' sometimes  necessary 
to  reduce  it  to  an  impalpable  powder  in  a  small  agate  mor¬ 
tar  ;  and  on  the  fineness  of  this  pulverization  the  success  of 
an  analysis  often  depends. 

Prying. 

615.  Many  substances,  especially  when  in  the  state  of 
powder,  absorb  moisture  from  the  atmosphere,  which,  of 
course,  adds  to  their  weight. 

Before  weighing  out  accu¬ 
rately  the  quantity  of  the  sub¬ 
stance  for  analysis,  it  is  there¬ 
fore  necessary  to  deprive  it 
of  this  hygroscopic  moisture. 

This  is  generally  done  by 
heating  it  in  a  small  basin  on 
the  water-bath  or  sand-bath, 
care  being  taken  that  the  heat 
does  not  rise  so  high  as  to  cause 
decomposition.  The  hot- 
water  box  shown  in  Figure 
67,  is  very  convenient  for  dry¬ 
ing  substances  at  a  low  tem¬ 
perature:  the  sides  are  made 
hollow,  and  filled  with  water, 
so  that  the  temperature  in- 

19 


Fig.  67. 
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side  never  rises  higher  than  212°  F.  (100°  C.).  When 
a  substance  thus  exposed  ceases  to  lose  weight,  on  being 
weighed  at  short  intervals,  it  may  be  considered  sufficiently 
dry.  By  using  saline  solutions,  which  boil  at  a  higher 
temperature  than  water,  a  steady  heat  considerably  higher, 
may  be  obtained.1 


Weighing. 

616.  Either  20,  25,  or  33.3  grains  will  generally  be 
found  the  most  convenient  quantity  to  take  for  quantita¬ 
tive  experiments,  regard  being  had  to  the  number  of  con¬ 
stituents  to  be  estimated,  and  the  quantity  of  the  substance 
at  our  disposal.  The  quantity  may  xlepend  also  on  the 
method  we  intend  to  pursue,  whether  we  propose  to  esti¬ 
mate  all  the  ingredients  from  the  same  portion,  or  from 
two  or  more  separate  portions  of  the  substance.  If  20 
grains  arc  used,  the  results  multiplied  by  five  will  give 
the  percentage;  or  if  25  or  33.3  they  must  be  multiplied 
by  four  or  three.  For  most  purposes  the  student  will  find 
a  balance  which  is  capable  of  weighing  within  one-tenth 
of  a  grain,  sufficiently  accurate ;  and  it  should  be  furnished 
with  weights  frome  one-tenth  of  a  grain  to  1000  grains. 

617.  A  substance  should  never  be  weighed  while  warm, 
as  it  causes  an  upward  current  of  air  in  its  vicinity,  which 
tends  to  buoy  it  up,  and  makes  it  appear  to  weigh  lighter 
than  it  really  is.  In  quantitative  analysis,  it  is,  of  course, 
necessary  to  avoid  the  slightest  loss  in  the  weighed  por¬ 
tion,  as  a  deficiency  in  the  weight  of  the  ingredients  would 
be  the  consequence,  and  the  accuracy  of  the  analysis  seri¬ 
ously  interfered  with.  Most  substances  in  the  state  of 
fine  powder,  especially  after  having  been  recently  ignited, 
are  very  prone  to  absorb  moisture  from  the  air ;  to  obviate 
this,  which  would  add  materially  to  their  weight,  such 
substances  should  be  weighed  in  a  covered  crucible,  as 
soon  as  possible  after  cooling.2 

618.  When,  as  is  frequently  the  case,  especially  with 

1  Taylor’s  air-bath  is  now  very  generally  used  for  drying  sub¬ 
stances. 

2  The  cooling  should  be  allowed  to  take  place  under  a  glass  shade 
in  which  a  dish  of  strong  sulphuric  acid  is  kept,  in  order  to  dry  the 
air. 
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liquids,  a  substance  has  to  be  weighed  in  a  flask,  dish,  or 
other  vessel,  the  latter  may  either  be  counterpoised  with 
strips  of  lead  or  shot,  which  are  conveniently  placed  in  a 
pill-box  ;  or  its  weight  may  be  previously  noted,  and  after¬ 
wards  deducted  from  the  gross  weight. 

619.  If  the  substance  is  weighed  in  a  watch-glass,  the 
last  particles  should  be  brushed  off  with  a  camel’s-liair 
pencil  into  the  vessel  to  which  the  substance  is  transferred. 


Solution. 


Fig.  68. 


620.  Before  the  ingredients  of  a  substance  can  be  de¬ 
termined,  either  qualitatively  or  quantitatively,  it  is  neces¬ 
sary  to  bring  the  substance  into  solution.  For  this  purpose, 
water  is  to  be  preferred  when  the 
substance  dissolves  readily  in  it; 
and  in  the  case  of  those  com¬ 
pounds  which  are  insoluble  in 
water,  one  of  the  acids  (generally 
hydrochloric)  is  employed,  which 
has  been  found  in  the  course  of 
the  preliminary  examination,  to 
be  the  best  adapted  for  the  pur¬ 
pose.  (545  et  seq.) 

The  dissolution  of  a  substance 
is  almost  invariably  assisted  by 
heat,  so  that  it  is  always  advisable 
to  use  a  vessel  for  the  purpose 
which  can  be  heated  over  a  lamp 

without  danger  of  fracture,  as  a  small  beaker  or  glass 
flask.  (Figs.  68  and  69.)  The  latter  has  the  advantage 
of  preventing  loss  by  ebullition  or  spurting,  as  any  par¬ 
ticles  of  liquid  that  may  be  projected  from  the  surface 
during  ebullition,  fall  against  the  inner  surface,  and  run 
back  into  the  flask,  especially  if  it  is  placed  in  an  inclined 
position  over  the  lamp.  Occasional  stirring  facilitates  the 
solution,  and,  as  a  general  rule,  the  more  finely  the  sub¬ 
stance  has  been  pounded,  the  more  readily  it  dissolves. 
When  a  substance  has  to  be  digested  in  acid  for  a  length 
of  time,  with  the  aid  of  heat,  the  evaporation  of  the  acid 
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may  be  in  a  great  measure  prevented,  by  placing  a  small 
glass  funnel  in  the  mouth  of  the  flask  (Fig.  70 ) ;  the  acid 
condenses,  and  runs  back  into  the  flask. 


Precipitation, 


621.  When  a  substance  is  obtained  in  solution,  the 
various  compounds  present  are  in  most  cases  separated  for 


Fig.  69. 


Fig.  70. 


the  purpose  of  estimation,  by  adding  to  it  some  solution, 
which  causes  one  or  more  of  the  ingredients  to  precipitate 
in  the  solid  state;  as,  when  we  wish  to  estimate  the  quan¬ 
tity  of  sulphuric  acid  in  any  solution,  we  add  to  it  a  solu¬ 
tion  of  chloride  of  barium,  which,  if  added  in  sufficient 
quantity,  causes  the  whole  of  the  acid  to  precipitate  in  the 
form  of  sulphate  of  baryta,  which  being  insoluble  in  water, 
may  be  washed  without  loss,  and  when  dry  is  weighed ; 
the  weight  of  the  sulphuric  acid  which  it  contains  may 
then  be  calculated  from  it. 

Precipitation  is  usually  effected  in  beaker  glasses  of  the 
form  shown  in  Fig.  68.  When  precipitating  a  substance 
in  quantitative  analysis,  it  is  important  that  sufficient  of 
the  precipitant  be  added  to  throw  down  the  whole  of  the 
substance  affected  by  it,  as  otherwise  a  deficiency  in  weight 
would  be  occasioned :  this  is  easily  ascertained  by  adding 
a  drop  of  the  precipitant  to  the  solution  filtered  from  the 
precipitate,  which  will  cause  a  further  precipitate  if  suffi¬ 
cient  had  not  before  been  added.  When  the  precipitate  is 
at  all  soluble,  as  the  bitartrate  of  potash,  or  ammonio- 
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phosphate  of  magnesia,  it  is  always  advisable  to  allow  the 
mixture  to  stand  several  hours  before  filtering,  in  order  to 
insure  the  separation  of  the  whole  of  the  required  salt. 
When  the  whole  of  the  precipitate  is  thrown  down,  it  is 
separated  from  the  solution  either  by  filtration  or  decan¬ 
tation. 


Filtration. 

622.  The  process  of  filtration  is  that  most  commonly 
adopted  for  separating  a  precipitate  from  the  solution  in 
which  it  was  formed.  The  paper  best  adapted  for  the  pur¬ 
pose  is  a  thin  white  blotting-paper,  which  should  be  free 
from  visible  holes,  and  should  leave,  when  burnt,  only  a 
minute  trace  of  inorganic  matter.1  Such  a  paper  may  be 
purchased  from  any  of  the  dealers  in  chemical  apparatus. 
It  is  convenient  to  keep  a  stock  of  filters  ready  cut,  of  a 
circular  form,  and  of  sizes  varying  from  three  to  ten  inches 
diameter.  These  may  be  made  by  having  circular  pieces  of 
tin  plate  of  the  different  sizes,  and  scoring  round  them 
with  a  pencil  upon  the  paper,  when  several  sheets  may  be 
cut  through  at  once  with  scissors. 

623.  The  filter  when  required  for  use,  is  folded  twice  at 
right  angles  (Fig.  71),  opened  out  into  a  conical  form,  and 
placed  in  a  glass  funnel  (Fig.  72), 
the  sloping  sides  of  which  should 
open  at  an  angle  of  about  60°,  and 
should  merge  into  the  neck  at  a 
definite  angle,  when  it  will  be 
found  to  match  the  form  of  the 
folded  filter,  and  will  support 
it  uniformly  throughout.  When 
placed  in  the  funnel  the  paper  is  moistened  with  water,  for 
the  purpose  of  causing  the  fibres  to  expand,  and  thus  di¬ 
minishing  the  size  of  the  pores,  without  at  the  same  time 
choking  them  with  solid  particles?  if  this  is  not  done,  and 
a  solution  mixed  with  a  precipitate  is  poured  into  the  dry 
filter,  some  of  the  finely  divided  particles  of  the  precipitate 
are  drawn  into  the  pores  by  capillary  attraction,  and  tend 

1  For  many  precipitates  (sulphate  of  baryta,  e.  g.),  the  Swedish 
filtering-paper  is  to  be  preferred  to  all  other  kinds. 


Fie.  71.  Fig.  72. 
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to  prevent  the  passage  of  the  clear  solution  through  them. 
The  filter  should  never  be  allowed  to  reach  higher  than  the 
top  of  the  funnel,  as  otherwise  the  weight  of  the  liquid 
might  cause  the  paper  to  give  way ;  and  there  would  also 
be  danger  of  some  of  the  solution  running  down  the  outside 
of  the  funnel,  after  passing  through  the  projecting  paper. 
It  is  even  better  that  the  funnel  should  project  half  an  inch 

above  the  edge  of  the  filter. 
When  the  filter  is  thus  pre¬ 
pared,  it  may  be  supported 
either  on  the  ring  of  a  retort 
stand  or  on  a  perforated  block 
of  wood  placed  on  the  glass 
(Fig.  73)  intended  to  catch 
the  filtered  solution,  the  hole 
being  made  to  fit  the  funnel. 

624.  The  solution  to  be 
filtered  should  be  poured 
gently  down  a  glass  rod  (Fig. 
73),  so  as  to  fall  on  one  of 
the  slanting  sides  of  the  filter, 
and  not  into  the  apex,  as  that 
would  endanger  the  bursting  of  the  paper,  and  cause 
splashing.  A  liquid,  holding  a  precipitate  in  suspension, 
should  never  be  poured  higher  than  within  half  an  inch  of 
the  margin  of  the  filter.  When  the  whole  of  the  mixture 
has  been  poured  on  the  filter,1  fresh  water  should  not  be 
added  for  the  purpose  of  washing,  until  the  whole  of  the 
solution  has  passed  through;  then,  by  means  of  a  washing- 
bottle  (101),  the  precipitate  left  on  the  filter  is  well  washed ; 
the  current  of  water  being  applied  first  towards  the  upper 
part  of  the  filter,  and  directed  gradually  downwards  (Fig. 
74).  When  the  filter  has  been  thus  nearly  filled  up  with 
water,  allow  the  whole  to  run  through  before  adding  any 
more,  and  then  repeat  the  washing,  until  a  drop  of  the 
filtered  liquid  leaves  no  fixed  residue  when  evaporated  on 
a  piece  of  glass.  If  the  precipitate,  while  standing  in  the 

1  In  removing  the  last  particles  of  the  precipitate  from  the  vessel 
in  which  it  has  been  deposited,  a  glass  rod,  with  one  end  covered  with 
a  cap  of  caoutchouc,  will  be  found  very  convenient;  in  the  case  of  a 
flask,  the  rod  may  be  bent  or  a  tuft  at  the  end  of  a  quill  may  be  used. 
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filter,  cakes  together  into  lumps,  these  must  be  broken  up 
by  directing  upon  them  a  strong  current  of  water  from  the 
washing-bottle,  as  otherwise  the  water  would  not  penetrate 


Fig.  74. 


them,  and  some  of  the  soluble  matter  would  escape  re¬ 
moval.1 

625.  It  is  sometimes  necessary  to  keep  the  mixture  hot 
during  filtration,  to  prevent  any  of  the  soluble  ingredients 
solidifying;  this  may  be  done  very  conveniently,  by  placing 
the  funnel  in  a  zinc  or  copper  box  of  the  form  shown  in  Fig. 
75,  which  may  be  kept  full  of  hot  water,  and  boiling,  if 
necessary,  over  a  lamp. 

626.  The  liquid  is  generally  filtered  into  a  beaker  glass, 
and  occasionally  into  flasks  or  dishes ;  it  is  always  advis- 

1  Many  precipitates  are  washed  with  hot  water;  for  this  purpose  a 
flask  must  be  employed  which  is  furnished  with  tubes  like  the  wash¬ 
ing-bottle,  and  can  be  heated  over  a  lamp.  In  many  eases,  for  ex¬ 
ample,  in  that  of  oxide  of  copper  precipitated  by  potash,  it  will  be 
found  advantageous  to  allow  the  precipitate  to  subside,  decanting  the 
clear  liquid  b}7  degrees  through  the  filter,  and  to  boil  the  precipitate 
with  water,  afterwards  allowing  it  to  subside  as  before.  When  this 
process  has  been  repeated  once  or  twice,  the  precipitate  may  be 
thrown  upon  the  filter,  and  the  washing  completed. 
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able  to  cause  the  stream  to  run  gently  down  the  side  of  the 

vessel,  and  not  to  fall  drop  by 
drop  into  the  centre  of  the  glass, 
as  this  would  cause  splashing 
and  probably  some  loss.  It 
occasionally  happens  that  some 
of  the  precipitate  passes  through 
with  the  filtered  solution,  as 
may  be  seen  in  the  case  of 
freshly  precipitated  oxalate  of 
lime  or  sulphate  of  baryta. 
When  this  takes  place,  it  is 
sometimes  necessary  to  pass  it 
through  the  filter  twice  or  three 
times  before  it  comes  through  quite  clear.  This  may,  how¬ 
ever,  in  most  cases,  be  obviated  by  boiling  the  mixture 
before  filtering,  which  causes  the  finely  divided  particles  of 
the  precipitate  to  aggregate  together.  The  presence  of  some 
saline  matters  in  solution,  also,  sometimes  prevents  a  pre¬ 
cipitate  passing  through :  chloride  of  ammonium,  for  ex¬ 
ample,  exerts  this  property  with  sulphate  of  baryta. 

627.  When  the  precipitate  on  the  filter  is  completely 
washed,  the  funnel,  with  its  contents,  is  placed  on  a  small 
tripod,  or  retort  stand,  on  the  warm  sand-bath,  or  near  a 
fire,  when  the  precipitate  will  gradually  dry  ;  it  may  then 
be  separated  from  the  filter,  ignited  in  a  small  platinum  or 
porcelain  crucible  (unless  decom¬ 
posable  at  a  high  temperature),  and 
weighed. 

628.  Precipitates  may  be  very 
rapidly  dried  by  supporting  the 
funnel  and  filter  containing  them 
in  a  beaker  with  the  bottom  out, 
and  placing  this  upon  a  piece  of 
strong  coarse  wire  network,  resting 
upon  a  tripod  stand  (Fig.  76),  over 
an  Argand  burner  with  a  very 
small  flame.  In  order  to  prevent 
any  dust  from  falling  into  the  pre¬ 
cipitate,  it  is  advisable  to  cover  the  funnel  with  a  piece  of 
filter-paper,  secured  by  folding  down  over  the  rim. 


Fig.  75. 
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629.  In  cases  where  the  quantity  of  the  precipitate  is 
very  small,  and  where  it  will  not  bear  a  red  heat  without 
decomposition,  it  may  be  weighed  in  the  filter,  which  should 
be  placed  in  a  covered  porcelain  crucible  of  known  weight, 
dried  at  212°,  and  weighed  before  the  precipitate  is  col¬ 
lected  upon  it.  When  the  precipitate  on  the  filter  has  been 
thoroughly  washed,  the  latter  is  partly  dried  in  the  funnel, 
placed  in  the  crucible,  dried  as  before,  and  as  soon  as  it  is 
cold,  again  weighed ;  when  the  increase  in  weight  will,  of 
course,  be  that  of  the  precipitate. 

630.  It  is  often  necessary,  before  weighing  a  precipitate, 
to  burn  the  filter  containing  it.  After  the  greater  part  of* 
the  precipitate  has  been  removed  by  gently  rubbing  the 
sides  of  the  filter-paper  against  each  other,  the  filter  is  held 
with  a  pair  of  pliers,  and  set  fire  to,  over  the  platinum 

Fig.  77. 
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crucible  in  which  the  precipitate  is  to  be  ignited,  the 
crucible  being  placed  in  a  basin,  or  upon  a  sheet  of  glazed 
paper,  in  case  any  of  the  ashes  should  fall  over  its  sides  (Fig. 
77) ;  these  are  then  collected  and  ignited  in  the  open 
crucible,  together  with  the  portion  of  the  precipitate  previ¬ 
ously  removed  from  the  filter,  until  the  whole  of  the  char¬ 
coal  derived  from  the  paper  is  burnt  away.  In  cases  of 
great  accuracy,  the  weight  of  the  paper  ashes,  ascertained 
by  weighing  those  derived  from  six  or  eight  similar  filters, 
must  be  deducted  from  the  gross  weight ;  when  the  paper 
is  good,  however,  it  does  not  contain  more  than  one  to 
three-thousandths  of  its  weight  of  inorganic  matter,1  so  that 

1  Consisting  chiefly  of  silica  and  alumina,  but  containing  a  little 
lime,  magnesia,  and  peroxide  of  iron,  with  carbonic  acid  and  sul¬ 
phuric  acid. 
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this  precaution  is  scarcely  necessary  in  ordinary  cases  of 
analysis. 

Decantation. 

631.  When  a  precipitate  is  found  to  subside  rapidly  to 
the  bottom  of  the  liquid,  and  when  it  is  known  to  be  very 
insoluble  in  water,  it  may  be  washed  by  decantation,  in¬ 
stead  of  on  a  filter,  and  in  many  cases  this  is  the  more  ex¬ 
peditious  method.  The  mixture  is  placed  in  an  upright 
jar  or  beaker,  which  is  then  filled  up  with  water,  and  al¬ 
lowed  to  stand  until  the  precipitate  has  subsided  to  the 
bottom,  leaving  the  supernatant  liquid  clear.  The  latter  is 
then  removed  with  a  siphon  (Fig.  78),  or  carefully  poured 
off,  and  the  jar  again  filled  up  with  distilled  water,  the 


Fig.  78. 


process  being  repeated  until  all  the  soluble  matter  has  been 
removed.  The  wet  precipitate  is  then  placed  upon  a  filter, 
or  dried  in  a  dish,  and  weighed. 


Evaporation. 

632.  The  process  of  evaporation  is  generally  most  con¬ 
veniently  effected  in  Berlin  porcelain  evaporating  basins, 
either  on  a  sand-bath  or  over  a  lamp.1  Care  must  be 
taken,  in  quantitative  experiments,  that  no  loss  is  occa¬ 
sioned  by  spurting,  and,  on  this  account,  it  is  safer  not  to 
allow  the  liquid  absolutely  to  boil.  When  a  saline  solu¬ 
tion  has  to  be  evaporated  to  dryness,  it  often  becomes 

1  A  rin<r  (Argand)  gas-burner,  without  a  chimney,  is  exceedingly 
well  adapted  for  evaporation  in  quantitative  analysis. 
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covered,  when  concentrated,  with  a  pellicle  of  solid  matter, 
preventing  the  escape  of  the  steam,  which,  being  thus  con¬ 
fined,  occasionally  causes  some  of  the  mixture  to  be  pro¬ 
jected  violently  from  the  basin.  The  best  way  of  avoiding 
this,  is  to  stir  the  mixture  constantly 
with 'a  glass  rod,  from  the  time  when 
the  pellicle  begins  to  form,  until  it 
is  evaporated  to  dryness.  Or  the 
evaporating  dish  may  be  loosely 
covered  with  a  dial-glass  placed  with 
its  convexity  downwards,  so  as  to 
prevent  the  chilling  of  the  surface 
and  consequent  deposition  of  the 
solid  crust. 

633.  It  is  often  advisable,  and  in 
the  case  of  many  liquids,  as  those 
containing  organic  matter,  necessary,  to  evaporate  over  a 
water-bath ;  by  this  means  the  heat  is  never  allowed  to 
rise  higher  than  212°  F.  For  this  purpose,  a  common 
saucepan,  or  almost  any  vessel  used  for  boiling  water  in, 
may  be  employed,  placing  the  dish  containing  the  solution 
over  the  top,  as  shown  in  Figure  79,  so  as  to  expose  it  to 
the  action  of  the  steam.  For  the  laboratory,  a  convenient 
form  of  water-bath  is  shown  in  Figure  80 ;  it  may  be  made 
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Hot-water  Bath. 


of  copper  or  zinc  plate,  and  the  holes  should  be  fitted  with 
lids,  to  cover  them  when  not  wanted. 

634.  A  convenient  method  of  drying  certain  substances 
which  are  liable  to  decomposition  at  a  slightly  elevated 
temperature,  is  to  place  them  under  the  receiver  of  the  air- 
pump  (Figure  81),  over  an  open  pan  of  strong  sulphuric 
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acid :  the  latter  absorbs  the  moisture  which  rises  from  the 
substance,  and  a  gradual  and  complete  desiccation  may  be 
effected  at  ordinary  temperatures.  The  dishes  containing 
the  substance  to  be  dried  may  be  placed  on  a  sheet  of  per¬ 
forated  zinc,  resting  on  the  pan  of  acid.  If  an  air-pump 
is  not  at  hand,  the  same  effect  may  be  produced,  though 


Fig.  81. 


Desiccation  over  Sulphuric  Acid. 


more  slowly,  by  placing  the  receiver,  inclosing  the  sub¬ 
stance  and  acid,  upon  a  flat  piece  of  glass.  Owing  to  the 
slowness  of  the  evaporation,  this  method  is  well  adapted 
for  obtaining  large  and  well-defined  crystals  from  saline 
solutions,  &c. 

635.  When  a  uniform  temperature  is  required,  higher 
than  212°  F.,  it  may  be  obtained  by  immersing  the  dish 
or  flask  containing  the  substance  to  be  evaporated  in  a 
bath  of  oil  or  some  saline  solution,  the  boiling-point  of 
which  is  near  the  desired  temperature.  Olive  oil  may  be 
heated  to  nearly  500°  F.  (260°  C.)  without  suffering  much 
decomposition,  and  forms  an  extremely  useful  bath  for 
many  purposes,  since,  by  regulating  the  lamp,  and  placing 
a  thermometer  in  the  oil,  any  lower  temperature  can 
readily  be  kept  up. 

A  bath  of  melted  paraffine  is  very  convenient  for  tem¬ 
peratures  between  212°  F.  (100°  C.)  and  400°  F.  (204°  C.), 
or  even  somewhat  higher.  A  temperature  of  224°  F.  (107° 
C.)  may  be  maintained  by  means  of  a  saturated  solution  of 
common  salt,  whilst  a  bath  of  chloride  of  calcium  or  chlo- 
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ride  of  zinc  may  be  maintained  at  almost  any  required  tem¬ 
perature,  according  to  the  strength  of  the  solution.  An 
air-bath,  or  metallic  box,  with  a  chimney  to  create  a 
draft,  and  a  few  air-holes  near  the  bottom,  is  most  use¬ 
ful  for  operations  at  temperatures  above  the  boiling-point, 
especially  if  provided  with  an  automatic  gas-regulator. 


'  Ignition. 

636.  It  is  generally  necessary,  previous  to  weighing  a 
precipitate,  in  quantitative  analysis,  to  heat  it  to  redness, 
in  order  to  insure  perfect  dryness.  This  is  usually  done 
in  a  weighed  platinum  or  porcelain  crucible,  either  in  a 
furnace  or  over  a  lamp.  When  the-  crucible  is  to  be  heated 


Fig.  82. 


in  the  furnace  or  open  fire,  it  should  be  inclosed  in  one  of 
earthenware,  to  protect  it  from  contact  with  the  coals  and 
dirt,  a  little  magnesia  being  interposed  between  the  two 
(note  to  491).  If  the  lid  is  made  of  the  form  shown  in 
Fig.  82,  it  may  also  be  used  as  a  capsule,  independently  of 
the  crucible. 

637.  When  gas  is  available,  scarcely  any  other  source  of 
heat  is  necessary  for  the  purpose.  A  small  platinum  cru¬ 
cible  may  be  heated  to  low  redness  over  the  naked  flame, 
resthig  on  a  small  wire  triangle  placed  on  the  top  of  the 
chimney  (Fig.  83). 

A  mixture  of  gas  and  air,  however,  gives  a  much  more 
intense  heat,  owing  to  the  more  perfect  oxidation  of  the 
combustible  matter:  such  a  mixture  is  easily  obtained  by 
placing  a  small  piece  of  wire-gauze  over  the  chimney,  and 
applying  a  light  to  the  mixture  as  it  rises  through  the 
gauze  (Fig.  84).  Bunsen’s  burner  (Fig.  85)  also  furnishes 
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an  excellent  flame  of  the  mixture  of  gas  with  air.  The 
crucible  may  be  supported  on  a  wire  triangle. 


Fig.  83.  Fig.  84.  Fig.  85. 


A  gas  blowpipe,  supplied  with  air  by  a  double-action 
bellows,  is  now  to  be  found  in 
most  laboratories.  When  the 
crucible  is  to  be  raised  to  a  very 
high  temperature  it  should  be 
surrounded  by  a  jacket  of  thin 
iron  plate,  to  prevent  loss  of  heat 
by  radiation. 

When  gas  cannot  be  had,  the 
best  lamp  for  heating  a  small 
platinum  crucible  to  redness,  is 
that  known  as  Rose’s,  the  form 

of  which  is  shown  in  Figure  86; 
either  methylated  alcohol  or  py- 
roxylic  spirit  may  be  burnt  in  it.* 1 

Calculation  of  Results. 

638.  When  the  weight  of  a  precipitate  has  been  ascer¬ 
tained,  it  is  necessary  to  calculate  that  of  the  constituent, 
the  weight  of  which  we  wish  to  learn,  and  this  is  readily 
done  according  to  the  well-known  laws  of  combination  in 
definite  proportions. 

1  The  Berzelius  spirit-lamp  is  safer  than  Rose’s,  since  the  reservoir 
of  spirit  is  not  placed  so  near  the  flame.  A  small  charcoal  fire  may 
also  be  used  with  great  advantage  when  gas  is  not  to  be  had. 
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Rose’s  Spirit-lamp. 
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For  example,  let  us  suppose  that  we  have  to  determine 
the  percentage  of  sulphuric  acid  (SOs)  in  dry  sulphate  of 
soda  (NaO,S03):  we  dissolve  twenty  grains  of  the  salt  in 
water,  precipitate  the  sulphuric  acid  by  means  of  chloride 
of  barium,  and  weigh  the  sulphate  of  baryta  thus  obtained : 
from  this  we  have  to  deduce  the  weight  of  the  sulphuric 
acid  which  it  contains;  and  lastly,  to  calculate  from  this 
the  percentage  equivalent  to  it.  We  find  the  weight  of 
the  sulphate  of  baryta  obtained  to  be  32.80.  Knowing  the 
equivalent  weight  of  sulphate  of  baryta  (BaO,SOa)  to  be 
116.5,  and  that  of  sulphuric  acid  (S03)  to  be  40,  it  is  easy 
to  calculate  how  much  of  the  acid  is  contained  in  32.80 
grains  of  the  precipitate,  thus : 

Eqt.  wt.  of  sulph.  of  Eqt.  wt.  of  sulph.  Wt.  of  sulph.  of  Wt.  of  sulph.  acid 

baryta.  '  acid.  baryta  obtained.  in  32.80  grs.  of 

v - v - 1  \ _ v - >  - _ , _ /  sulphate  of  baryta. 

116.5  :  40  ::  32.80  :  ®=11.26 

Thus  we  find  that  twenty  grains  of  the  dry  sulphate  of  soda 
contain  11.26  of  sulphuric  acid;  and  we  have  now  only 
to  reduce  it  to  a  percentage,  to  complete  the  calculation, 
thus : 


•  20  :  11.26  :  :  100  :  x  =  56.30  sulphuric  acid  in  100  parts  of  dry  sul¬ 
phate  of  soda.  Or,  as  20  is  the  fifth  part  of  100,  the  same  result  may 
he  obtained  by  simply  multiplying  by  5.  11.26  x  5  =  56.30. 


CHAPTER  II. 

EXAMPLES  IN  QUANTITATIVE  ANALYSIS. 
SECTION  I. 

Quantitative  Analysis  of  Sulphate  of  Copper. 

639.  Rough  weighing  of  the  sample  for  analysis. — Cut 
two  equal  squares  of  writing-paper,  about  two  inches  across, 
double  them  and  place  them  in  opposite  pans  of  the  rough 
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balance.  Place  100  grain  weight  (or  6.5  grammes1)  upon 
one  of  them,  and  into  the  other,  opened  out  so  as  to  form 
a  gutter,  place  the  crystals  of  sulphate  of  copper,  until  they 
counterpoise  the  weight  in  the  opposite  scale. 

640.  Removal  of  adhering  moisture. — Reduce  the  crystals 
to  powder  in  a  mortar,  place  it  between  two  or  three  folds 
of  blotting-paper,  and  press.  Repeat  this  with  fresh  blot¬ 
ting-paper  if  necessary,  till  the  salt  no  longer  moistens  the 
paper.  Preserve  the  dried  salt  in  a  well-closed  dry  tube. 

641.  Exact  weighing  of  the  sample  for  analysis. — Weigh 
a  watch-glass  (or  a  light  porcelain  dish  or  crucible),  and 
mark  the  weight  upon  it  (on  the  glass  with  a  diamond,  on 
the  porcelain  with  ink).  Add  20  grains  (or  1.5  gramme) 
to  the  weights  on  the  scale,  and  carefully  pour  the  salt 
from  the  tube  into  the  watch-glass,  until  the  requisite 
weight  has  been  taken.2 

642.  Estimation  of  the  water  of  crystallization. — Weigh  a 
porcelain  crucible  with  its  cover,  and  mark  the  weight  upon 
each  with  ink,  appending  a  letter  to  the  weight  (thus,  A 
234.12),  in  order  that  the  same  cover  may  always  be  used. 
Place  the  crucible  upon  a  half-sheet  of  smooth  paper,  and 
transfer  to  it  the  twenty  grains  of  sulphate  of  copper  pre¬ 
viously  weighed.  If  any  particles  adhere  to  the  watch- 
glass,  brush  them  off  with  a  camel’s-hair  pencil,  and  return 
to  the  crucible  any  particles  which  have  fallen  on  to  the 
paper.  Place  the  crucible  (uncovered)  in  the  water-oven 
(Fig.  67)  for  about  two  hours;3  allow  it  to  cool  (covered) 
under  the  desiccator  (Fig.  81),  and  weigh  it.  Repeat  the 

1  The  grammes  corresponding  to  the  weights  in  grains  are  here 
given  only  in  round  numbers,  to  save  trouble  in  counting  weights. 
Tables  of  Continental  Weights  and  Measures  will  be  found  in  the 
Appendix. 

2  If  a  very  accurate  balance  be  used,  it  is  difficult  and  tedious  to 
weigh  out  any  given  quantity.  It  is  better  to  place  about  the  required 
quantity  in  the  watch-glass,  and  to  determine  the  exact  weight  of  the 
watch-glass  and  substance,  from  which  the  weight  of  the  glass  may 
afterwards  be  deducted.  Never  leave  a  good  balance  on  the  swing  whilst 
the  weights  are  being  adjusted.  Do  not  touch  the  weights  with  the 
fingers.  Always  arrange  the  weights  in  order  on  the  floor  of  the 

balance,  and  count  them  carefully  before  restoring  them  to  the  box. 
Enter  the  weights  in  a  note-book ,  on  the  spot. 

3  To  ascertain  whether  all  the  water  has  been  expelled,  place  a  cold 
glass  plate  upon  the  mouth  of  the  crucible;  it  is  useless  to  weigh  as 
long  as  any  dew  is  deposited  upon  it. 
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weighing  at  intervals  of  half  an  hour  until  no  further  loss 
is  observed.  The  loss  is  then  calculated  upon  100  parts 
of  the  salt. 

643.  Estimation  of  the  water  of  constitution . — Place  the 
open  crucible  with  its  contents,  from  (642),  over  the 
Argand  burner  (Fig.  83),  so  that  it  may  be  heated  to  about 
300°  F.  (149°  C.),  for  half  an  hour;  cool  it  under  the 
desiccator,  and  weigh  it ;  repeat  the  weighing  at  intervals 
of  a  quarter  of  an  hour  till  no  further  loss  is  observed. 
Calculate  the  percentage  from  the  original  weight  of  the 
sulphate  of  copper. 

644.  Estimation  of  the  sulphuric  acid. — Weigh  out  20 
grains  (or  1.5  gramme)  of  the  sulphate  of  copper,  as  in 
(641),  transfer  it  to  a  pint  beaker,  rinsing  any  adhering 
portions  from  the  watch-glass  with  the  washing-bottle. 
Dissolve  it,  with  the  aid  of  heat,  in  about  half  a  pint  of 
water,  add  a  few  drops  of  hydrochloric  acid  (Fig.  68),  and 
heat  the  solution  nearly  to  the  boiling-point  (but  without 
allowing  it  to  bubble).  Boil  some  solution  of  chloride  of 
barium,  and  add  it  gradually  to  the  hot  solution  of  the  sul¬ 
phate,1 2  stirring  it  with  a  glass  rod,  until  no  further  increase 
in  the  quantity  of  the  precipitate  is  observed;  allow  the 
precipitate  to  settle  partially,  and  pour  some  more  chloride 
of  barium  carefully  into  the  clear  liquid,  to  make  sure 
that  no  further  precipitate  is  produced  f  rinse  the  glass  rod 
carefully  into  the  beaker,  and  remove  it.  Cover  the 
beaker  with  a  dial-glass  to  exclude  dust,  and  set  it  aside 
until  the  precipitate  of  sulphate  of  baryta  has  settled  down, 
leaving  the  solution  perfectly  clear. 

645.  Decant  the  clear  liquid  down  a  glass  rod  into 
another  beaker,  without  disturbing  the  precipitate  (Fig.  73), 
pefur  about  a  quarter  of  a  pint  of  boiling  water  over  the 
latter,  stir  it  up  with  a  glass  rod,  and  allow  it  to  settle  as 
before.  Take  a  filter-paper  about  four  inches  in  diameter, 
make  a  very  neat  filter  (Fig.  20),  fit  it  closely  into  a  good 
funnel  (Fig.  72),  moisten  it  with  water,  and  press  its  sides 
closely  to  the  funnel.  Pass  the  clear  liquid  first  decanted 

1  In  quantitative  analysis,  pour  the  reagent  down  the  side  of  the 
vessel,  or  down  a  glass  rod,  to  avoid  splashing. 

2  About  20  grains  of  crystallized  chloride  of  barium  are  necessary 
to  precipitate  the  20  grains  of  sulphate  of  copper. 

20 
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through  this  filter  (Fig.  73),  to  retain  any  particles  of  pre¬ 
cipitate  which  may  have  been  poured  away  with  it ;  test 
the  filtered  liquid  with  chloride  of  barium,  to  be  sure  that 
all  the  sulphuric  acid  has.  been  removed,  and  throw  it 
away.  Again  decant  the  water  from  the  precipitate  in  the 
beaker,  replace  it  by  fresh  boiling  water,  and  pass  the  de¬ 
canted  liquid  through  the  filter  as  before.  When  the  pre¬ 
cipitate  has  again  subsided,  decant  the  clear  liquid  on  to 
the  filter,  throwing  away  the  filtrate  from  time  to  time,  so 
that  there  may  not  be  much  liquid  to  filter  again  if  any  of 
the  precipitate  should  accidentally  pass  through  the  filter. 
Finally,  rinse  the  precipitate  carefully  on  to  the  filter  with 
boiling  water  from  a  hot  water  washing-flask  (Fig.  74), 
taking  care  not  to  fill  the  filter  above  one-fourth  of  its 
capacity.  Use  a  piece  of  caoutchouc  tube  slipped  over  the 
end  of  a  glass  rod,  to  remove  the  last  portions  of  precipi¬ 
tate  from  the  beaker.  Wash  the  precipitate  with  boiling 
water  (Fig.  74),  until  a  drop  of  the  washings,  caught  upon 
a  slip  of  glass,  and  evaporated,  leaves  no  appreciable  resi¬ 
due.  Dry  the  precipitate  as  in  (628).  Weigh  a  porcelain 
or  platinum  crucible,  with  its  cover,  and  proceed,  as  in 
(629),  to  calcine  the  precipitate  and  incinerate  the  paper. 
Weigh  the  covered  crucible  with  the  sulphate  of  baryta 
and  ash,  and  calculate  the  amount  of  sulphuric  acid  as  in 
(638).1 

646.  Estimation  of  the  Oxide  of  Copper. — Proceed  ex¬ 
actly  as  in  (644),  but  instead  of  chloride  of  barium,  add  a 
hot  solution  of  potash,  until  the  precipitate  of  oxide  of 
copper  has  a  uniform  dark-brown,  nearly  black  color. 

Conduct  the  rest  of  the  operation  precisely  as  in  (645). 
A  porcelain  crucible  should  be  employed  for  calcining  the 
precipitate,  and  since  this  is  very  liable  to  absorb  water 
from  the  air,  the  crucible  must  be  allowed  to  cool  under 
the  desiccator,  and  weighed  as  quickly  as  possible.  Cal¬ 
culate  the  proportion  of  oxide  of  copper  in  100  parts  of 
the  original  salt. 

647.  Statement  of  the  Results  of  the  Analysis. — The  results 

1  Never  throw  precipitates  away  until  the  analysis  is  completed, 
lest  they  should  be  required  for  ascertaining  the  cause  of  any  excess 
or  deficiency. 
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should  be  entered  in  the  note-book  in  the  following 
manner : 


WATER  OF  CRYSTALLIZATION. 


Sulphate  of  copper  taken, 

20.00 

Crucible  and  cover, 

234.12 

After  2  hours, . 

248.62 

“  2^  “ . 

248.36 

“  3  “  .  .  . 

248.36 

234.12 

Dried  salt,  . 

14.24 

Water  lost,  . 

5.76 

Per  cent., 

28.80 

SULPHURIC  ACID. 

Watch-glass  and  sulphate  of  cop- 

per, . 

Watch-glass, . 

89.80 

69.80 

Sulphate  of  copper, 

20.00 

Crucible,  cover,  and  sulphate  of 

baryta, . 

252.72 

Crucible  and  cover, 

234.12 

Sulphate  of  baryta, 

18.60 

Corresponding  to  S03,  .  6.3862 

Per  cent.,  .  .  .  31.93 


WATER  OF  CONSTITUTION. 


After  heating  for  V,  hour,  .  .  246.96 

“  “  %  “  246.92 

“  “  1  “  246.92 

Crucible  with  salt  dried  at  212°,  .  248.36 
“  “  “  over 

Argand, .  246.92 

Water  lost,  .  .  1.44 

Per  cent,  of  original  salt,  .  .  7.20 


OXIDE  OF  COPPER. 


Sulphate  taken,  ....  20.00 

Crucible,  cover,  and  oxide  of  cop¬ 
per,  .  240.46 

Crucible  and  cover,  .  .  .  234.12 


Oxide  of  copper,  .  .  6.34 
Per  cent.,  .  .  .  31.70 
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Found. 


Oxide  of  copper,  ....  31.70 
Sulphuric  acid  (SO?),  .  .  .  31.93 
Water  of  constitution, .  .  .7  20 
Water  of  crystallization,  .  .  28.80 


Calculated  (Cu0.S03,H0,4  Aq.) 
.  31.85 
.  32.07 
.  7.22 

.  28.86 


99.63 


100.00 


Equivalent  weights  employed,  Cu=31.7,  0=8,  S=16,  H=l. 


SECTION  II. 

Quantitative  Analysis  of  Chloride  of  Sodium. 

648.  Weigh  roughly  (639)  50  grains  (or  3  grammes)  of 
the  salt,  and  heat  it  for  ten  minutes  in  an  open  porcelain 
or  platinum  crucible  over  an  Argand  burner  (Fig.  83). 
Allow  it  to  cool  partly  in  the  covered  crucible,  and  trans¬ 
fer  it,  when  still  warm,  to  a  well-closed  dry  tube. 

649.  Estimation  of  the  Sodium. — Weigh  accurately  (641) 
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20  grains  of  the  salt  (1.5  gramme)  ;  place  it  in  a  large  por¬ 
celain  crucible  which  has  been  previously  weighed,  with 
its  cover  (642),  pour  upon  it  about  half  a  measured  ounce 
of  water,  add  gradually  about  twenty  drops  of  strong  sul¬ 
phuric  acid,  stirring  with  a  thin  glass  rod  ;  rinse  the  rod 
into  the  liquid,  remove  it,  and  place  the  open  crucible  on 
a  steam-bath  (Fig.  79).  When  the  evaporation  has  pro¬ 
ceeded  as  far  as  possible,  place  the  crucible  on  a  triangle 
over  an  Argand  burner  with  a  very  small  flame,  and  con¬ 
tinue  the  evaporation.  If  any  solid  crust  forms  over  the 
surface  of  the  liquid,  cover  the  crucible,  leaving  a  crevice 
for  the  escape  of  vapor.  When  white  fumes  of  sulphuric 
acid  are  observed,  the  crucible  is  uncovered,  and  the  heat 
gradually  increased  till  they  are  no  longer  visible,  and 
the  sulphate  of  soda  in  the  crucible  is  quite  dry.  The 
cover  is  dried  by  gradually  heating  it,  and  placed  on  the 
crucible,  which  is  allowed  to  cool,  and  weighed.  A  small 
fragment  of  carbonate  of  ammonia  is  then  introduced  (to 
decompose  any  traces  of  bisulphate  of  soda  which  might  be 
left),  the  crucible  covered,  and  the  calcination  and  weigh¬ 
ing  repeated,  the  crucible  being  uncovered  for  a  minute  or 
two  at  the  close  of  the  calcination.  Repeat  these  opera¬ 
tions  till  a  constant  weight  is  obtained. 

Calculate  the  weight  of  the  sodium  from  that  of  the  sul¬ 
phate  of  soda ;  suppose  that  24  grains  of  the  latter  have 
been  obtained. 


Eqt.  wt.  of  sulph.  Eqt.  wt.  of  Wt.  of  sulph.  soda  Sodium  in  20  pirs. 
_  soda.  sodium.  obtained.  of  salt  employed. 


650.  Determination  of  the  Weight  of  a  Dried  Filter. — Se¬ 
lect  a  beaker  (about  24  inches  by  If  inches)  and  cover  it 
with  a  watch-glass,  which  should  fit  pretty  closely,  with  the 
convexity  downwards.  Weigh  them  together,  and  mark 
the  weight  upon  both  with  a  diamond  (642).  Their  joint 
weight  should  not  exceed  450  grains  (30  grammes).  Fold 
a  circular  filter,  about  three  inches  in  diameter,  and  place 
it  in  the  water-oven1  (Fig.  67)  for  an  hour;  introduce  it 

1  When  a  water-oven  is  not  at  hand,  filters  may  be  dried  in  a  beaker 
suspended  in  a  vessel  of  boiling  water  by  means  of  a  perforated 
metal  plate  through  which  the  beaker  passes  exactly. 
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while  warm  into  the  weighed  beaker,  cover  it  with  the 
watch-glass,  and  weigh.  Replace  the  filter  in  the  water- 
oven,  for  a  quarter  of  an  hour,  and  weigh  again.  Repeat 
this  till  a  constant  weight  is  obtained,  and  note  its  weight 
upon  the  edge  of  the  filter  with  a  light  pencil-mark. 

651.  Estimation  of  the  Chlorine. — Weigh  accurately  (641) 
10  grains  (or  0.5  gramme)  of  the  dried  salt,  transfer  to  a 
half-pint  beaker,  and  dissolve  (644)  in  about  three  meas¬ 
ured  ounces  of  water.  Heat  the  solution,  add  a  few  drops 
of  nitric  acid,  and  add  solution  of  nitrate  of  silver,  con¬ 
stantly  stirring,  as  long  as  the  quantity  of  the  precipitate 
seems  to  increase.  Stir  briskly  with  a  glass  rod,  to  en¬ 
courage  the  separation  of  the  precipitate,  and  add  a  little 
more  nitrate  of  silver  to  the  clear  liquid,  to  be  sure  that  all 
the  chlorine  is  precipitated.* 1  Leave  the  glass  rod  in  the 
beaker,  and  set  it  aside  till  the  fluid  is  clear  or  nearly  so  ; 
the  separation  of  the  precipitate  being  promoted,  if  neces¬ 
sary,  by  heat  and  stirring.  Filter  the  liquid  through  the 
weighed  filter  (650)  upon  which  every  particle  of  the  pre¬ 
cipitate  must  be  carefully  rinsed  with  hot  water,  wash  with 
hot  water  till  a  few  drops  of  the  washings  give  no  turbidity 
with  hydrochloric  acid.  Dry  the  filter  as  in  (628)  till  it 
can  be  safely  lifted  into  the  weighed  beaker  (650),  place 
the  latter  in  the  water-oven  for  an  hour,  cover  it  with  the 
watch-glass,  allow  it  to  cool  under  the  desiccator  (Fig.  81), 
and  weigh.  Repeat  the  weighing  at  intervals  of  twenty 
minutes,  till  a  constant  weight  is  obtained.  Deduct  the 
weight  of  the  beaker,  watch-glass,  and  filter,  and  calculate 
the  weight  of  the  chlorine  from  that  of  the  chloride  of  sil¬ 
ver.2  Suppose  24.5  grains  of  chloride  of  silver  to  be 
obtained. 

Eqt.  wt.  of  Eqt.  wt.  of  Wt.  of  chlor.  silver  Wt.  of  chlorine 

chloride  of  silver.  chlorine.  obtained.  found. 

143.5  :  35.5  :  :  24.5  :  x 
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Found.  Calculated  (NaCl). 

Sodium, .  . 39.32 

Chlorine .  . 60.68 


100.00 


1  About  30  grains  of  (solid)  nitrate  of  silver  are  required  to  precipi¬ 
tate  the  10  grains  of  salt. 

2  The  weight  of  the  chloride  of  silver  may  be  obtained  more  rapidly 


238  EXAMPLES  IN  QUANTITATIVE  ANALYSIS. 


SECTION  III. 

Quantitative  Analysis  of  Carbonate  of  Lime.1 

652.  Weigh  roughly  (639)  50  grains  (or  3  grammes)  of 
the  carbonate  of  lime,  and  heat  it,  very  moderately,  in  a 
crucible  (643),  until  dew  is  no  longer  deposited  on  a  glass 
plate  held  over  it.  Cool  it  under  the  desiccator  (Fig.  81) 
and  transfer  it  to  a  well-closed  dry  tube. 

653.  Estimation  of  the  Lime. — Weigh  accurately  (641)  20 
grains  (or  1  gramme),  place  it  in  a  pint  beaker,  and  add 
about  £  pint  of  water.  Cover  the  beaker  with  a  dial-glass, 
convexity  downwards,  slip  it  aside,  leaving  a  crevice,  and 
pour  nitric  acid,  very  gradually,  down  the  side  of  the 
beaker,  waiting  till  the  effervescence  has  subsided  before 
adding  a  fresh  portion.  When  the  carbonate  is  completely 
dissolved,  place  the  covered  beaker  over  a  lamp  (Fig.  68), 
and  gradually  heat  as  long  as  any  bubbles  of  carbonic  acid 
are  observed,  ltinse  the  dial-glass  into  the  beaker,  and 
add  ammonia,  very  gradually,  stirring  with  a  glass  rod, 
until  a  drop  of  the  liquid  decidedly  blues  reddened  litmus.2 
Add  oxalate  of  ammonia  as  long  as  it  appears  to  increase 
the  precipitate.3  Heat  the  mixture  to  boiling,  allow  the 

(though  not  so  certainty  by  beginners)  without  using  a  weighed  filter. 
It  is  then  unnecessary  to  dry  in  the  water-oven,  but  when  the  pre¬ 
cipitate  has  been  dried  as  in  (628),  it  is  transferred  from  the  paper  into 
a  weighed  porcelain  crucible,  heated  till  it  fuses,  and  weighed.  The 
filter,  with  the  minute  portion  of  adhering  precipitate,  is  incinerated 
as  in  (630),  and  the  ash  weighed.  The  small  portion  of  chloride  adher¬ 
ing  to  the  paper  becomes  reduced  to  metallic  silver  by  the  hydrogen 
of  the  latter.  This  amount  of  silver  is  multiplied  by  1.33  to  convert 
it  into  chloride  of  silver,  which  is  added  to  the  weight  of  the  larger 
portion  ;  or  if  it  be  preferred,  it  may  be  weighed  as  chloride  by  heat¬ 
ing,  first  with  a  drop  of  nitric,  then  with  a  drop  of  hydrochloric  acid, 
and  drying  in  the  crucible. 

1  Either  Iceland  spar,  or  pure  precipitated  carbonate  of  lime  (pre¬ 
pared  chalk)  is  best  for  this  purpose.  White  marble  or  chalk,  not 
being  quite  pure,  will  give  less  accurate  results.  Iceland  spar  or 
marble  will  not  require  drying,  but  the  others  should  be  dried  in  the 
water-oven  or  over  a  very  low  flame. 

2  A  little  alumina  or  silica  or  (brown)  peroxide  of  iron  may  possibly 
be  precipitated  here,  and  if  the  quantity  be  of  any  importance,  should 
be  filtered  otf. 

3  About  30  grains  of  crystallized  oxalate  of  ammonia  are  required 
to  precipitate  the  lime  from  20  grains  of  carbonate. 
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precipitate  to  settle;  test  the  supernatant  liquid  with  a  little 
more  oxalate  of  ammonia ;  pour  it  through  a  filter  (about 
4£  inches  in  diameter),  collect  the  precipitate  upon  the 
filter;  adopting  the  precautions  mentioned  in  (645),  wash 
it  with  hot  water  till  the  washings  no  longer  leave  any 
important  residue  when  evaporated  on  a  slip  of  glass. 
Dry  the  oxalate  of  lime  upon  the  filter  (628),  and  proceed 
further  as  in  (630).  During  the  calcination  of  the  oxalate 
of  lime,  it  becomes  converted  into  carbonate  (with  evolution 
of  carbonic  oxide),  but  a  part  of  the  carbonate  is  usually 
converted  into  caustic  lime ;  hence,  previously  to  weighing, 
sprinkle  the  calcined  precipitate,  after  cooling,  with  a  little 
powdered  carbonate  of  ammonia,  moisten  it  with  water,  and 
dry  it  at  a  very  moderate  heat.  After  weighing  it,  repeat 
the  treatment  with  carbonate  of  ammonia,  until  the  weight 
is  constant.1  Calculate  the  amount  of  lime  from  that  of 
the  carbonate  obtained.  Suppose  the  latter  to  weigh  19.85 
grains. 

Eqt.  wt.  of  carb.  lime.  Eqt.  wt.  of  lime.  Wt.  of  carb.  lime  obtained.  Wt.  of  lime  found. 

50  :  28  :  :  19.85  :  a; 

654.  Estimation  of  the  Carbonic  Acid. — Fit  up  the  appara¬ 
tus  represented  in  (Fig.  87),  taking  great 
care  that  the  joints  are  perfectly  air¬ 
tight,  and  that  the  whole  apparatus  is 
as  light  as  possible.  The  flask  (a) 
should  be  capable  of  containing  about 
four  ounces  of  water.  The  tubes  c  and 
d  may  be  very  narrow;  £  inch  will 
suffice  for  their  outside  diameter;  their 
edges  should  be  rounded  with  the 
blowpipe  flame  before  passing  them 
through  the  cork ;  c  passes  down  to  the 
bottom  of  the  flask.  The  drying-tube 
b  may  be  made  out  of  a  light  broken 
test-tube,  about  |  inch  in  diameter,  drawn  out  to  a  narrow 
neck,  and  cut  off*  so  as  to  leave  the  point  open;  the.  edges 

1  If  it  be  preferred,  the  carbonate  of  lime  may  be  entirely  converted 
into  caustic  lime  by  very  strong  ignition  over  a  gas- blowpipe  (best  in 
a  platinum  crucible)  until  its  weight  is  constant. 


Fig.  87. 
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should  be  rounded  off  in  the  flame.  This  tube  should  be 
about  3f  inches  long.1 

Put  a  loose  plug  of  cotton-wool  into  the  wide  end  of  the 
tube,  and  thrust  it  into  the  narrow  end;  fill  the  tube  with 
fragments  of  (porous,  not  fused)  chloride  of  calcium  as 
large  as  small  peas,  insert  another  loose  plug  of  cotton¬ 
wool  before  attaching  the  tube  to  the  perforated  cork  on  d. 
The  tube  e  should  be  about  If  or  two  inches  long,  and 
may  be  made  from  a  broken  test-tube. 

Weigh  this  tube,  add  20  grains  (or  1  gramme)  to  the 
weights,  introduce  more  than  that  quantity  of  the  dried 
carbonate  of  lime  (652)  into  the  tube,  and  empty  out  small 
quantities  until  the  weight  is  correct. 

Pour  into  the  flask  six  drachms  of  strong  hydrochloric 
acid  and  six  drachms  of  water;  attach  the  tube  e  to  a  horse¬ 
hair,  and  sling  it  in  the  flask,  securing  the  hair  between 
the  cork  and  the  glass,  so  that  the  tube  containing  the  car¬ 
bonate  may  hang  safely  above  the  surface  of  the  acid  while 
the  whole  apparatus  is  being  accurately  weighed.  After 
the  exact  weight  has  been  recorded,  close  the  tube  c  with  a 
piece  of  vulcanized  tubing  stopped  with  glass  rod;  gradu¬ 
ally  incline  the  flask  so  as  to  allow  the  acid  to  act  upon 
the  carbonate;  the  carbonic  acid  is  disengaged  with  effer¬ 
vescence;  is  deprived  of  moisture  by  the  chloride  of  calcium, 
and  leaves  the  apparatus  lighter  than  before.  When  the 
effervescence  has  ceased,  and  all  the  carbonate  is  dissolved, 
gently  warm  the  flask,  to  expel  the  carbonic  acid  from  the 
liquid,  remove  the  stopper  from  the  tube  c,  fit  a  cork  or  a 
piece  of  vulcanized  tube  on  to  the  end  of  b,  to  avoid  wet¬ 
ting  it  with  the  lips,  and  draw  air  slowly  through  the 
apparatus,  to  displace  all  the  carbonic  acid.  Weigh  the 
apparatus  and  suck  air  through  it  again,  till  no  further  loss 
of  weight  is  observed.  The  total  loss  of  weight  is  that  of 
the  carbonic  acid  expelled. 


1  A  piece  of  light  tubing  with  a  cork  and  small  piece  of  tube,  in¬ 
stead  of  the  narrow  neck,  maj’  be  used,  if  the  sharp  edges  be  rounded 
so  as  not  to  cut  the  corks.  Or  a  hole  may  be  blown  at  the  end  of  a 
short  test-tube,  as  in  Fig.  87. 
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RESULTS  OF  THE  ANALYSIS  OF  CARBONATE  OF  LIME. 

Found.  Calculated  (CaO.C02). 

Lime, .  . 56.00 

Carbonic  acid  (C02),  .  .  44.00 


100.00 


SECTION  I Y. 

Quantitative  Analysis  of  Sulphate  of  Magnesia. 

655.  Weigh  roughly  (639)  100  grains  (or  6.5  grammes) 
of  the  crystallized  salt,  remove  the  adhering  moisture  as  in 

(640) ,  and  preserve  the  dry  salt  in  a  corked  dry  tube. 

656.  Estimate  the  water  of  crystallization  in  20  grains  of 
the  salt,  as  in  (642),  using  an  air-bath  heated  to  300°  F. 
(150°  C.)  instead  of  a  water-oven,  and  afterwards  estimate 
the  water  of  constitution  in  the  same  portion  as  in  (643). 

657.  Estimation  of  the  Magnesia. — Weigh  accurately 

(641)  20  grains  (or  1  gramme)  of  the  salt,  place  it  in  a  half¬ 
pint  beaker,  and  dissolve  it  in  about  two  ounces  of  water. 
Add  enough  solution  of  chloride  of  ammonium  to  prevent 
the  precipitation  of  any  magnesia  on  adding  ammonia,1 
which  is  then  to  be  added  in  considerable  excess.  Phos¬ 
phate  of  soda  is  next  added,  as  long  as  it  appears  to  pro¬ 
duce  a  precipitate,2  and  the  solution  is  briskly  stirred  with 
a  glass  rod,  without  rubbing  the  sides  of  the  beaker;  the 
glass  rod  may  be  left  in  the  beaker.  When  the  precipitate 
has  subsided,  add  a  few  drops  more  phosphate  of  soda  to 
the  clear  liquid,  to  be  quite  sure  that  no  further  precipitate 
is  produced ;  cover  the  beaker,  and  set  it  aside  for  at  least 
twelve  hours.  Collect  the  precipitate  upon  a  filter  about  4 
inches  in  diameter,  using  water  containing  one-eighth  of  its 
bulk  of  strong  ammonia  for  rinsing  the  precipitate  on  to 
the  filter  (645)  as  well  as  for  subsequently  washing  it  until 
the  washings,  after  being  acidulated  with  nitric  acid,  give 

1  About  10  grains  of  solid  chloride  of  ammonium  will  be  sufficient 
for  this  purpose. 

2  About  30  grains  of  crystallized  phosphate  of  soda  dissolved  in 
water  will  be  required. 
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but  a  faint  turbidity  with  nitrate  of  silver.  Dry  (628) 
the  filter  with  the  precipitate;  transfer  (630)  as  much  of 
the  latter  as  possible,  to  a  porcelain  or  platinum  crucible 
which  has  been  weighed  with  its  cover,  and  heat  it  gradu¬ 
ally  in  the  loosely  covered  crucible  (Fig.  83),  finally  rais¬ 
ing  the  temperature  to  a  red  heat.  In  this  way,  the  precipi¬ 
tate  of  phosphate  of  magnesia  and  ammonia  is  converted 
into  pyrophosphate  of  magnesia,  which  is  allowed  to  cool 
and  weighed.  It  may  then  be  emptied  out  of  the  crucible 
(preserving  it  for  subsequent  examination  if  the  result 
should  prove  incorrect),  and  the  filter  may  be  incinerated 
as  in  (630),  the  resulting  weight,  minus  the  ash  of  the  filter 
itself,  being  added  to  that  of  the  larger  portion  of  the 
ignited  precipitate.1  The  composition  of  the  latter  being 
2MgO,PO.,  the  amount  of  magnesia  is  calculated  by  the 
following  proportion ;  in  which  the  weight  of  the  calcined 
precipitate  is  supposed  to  be  9  grains: 

Eqt.  wt.  of  pyrophosph.  Two  eqt.  wts.  of  Wt.  of  ignited  Wt.  of  magnesia 

of  magnesia.  magnesia.  precipitate.  found. 


Ill  :  40  :  :  9.00  :  x 

658.  Estimate  of  the  sulphuric  acid  in  20  grains  (or  1 
gramme)  of  the  salt  according  to  (644). 

RESULTS  OF  THE  ANALYSIS  OF  SULPHATE  OF  MAGNESIA. 

Found.  Calculated  (Mg0.S03,H0,6Aq.) 

Magnesia, .  ....  10.26 

Sulphuric  acid,  ....  ....  32.52 

Water  of  constitution,  .  .  ....  732 

Water  of  crystallization,  .  ....  43.90 


100.00 


SECTION  V. 

Quantitative  Analysis  of  Arsenious  Acid. 

659.  Estimation  of  the  Arsenic. — Weigh  accurately  (641) 
5  grains  (0.3  gramme)  of  powdered  arsenious  acid ;  transfer 

1  The  above  mode  of  proceeding  is  recommended,  because  the  filter 
is  very  difficult  to  burn  in  this  case,  from  its  retaining  traces  of  phos¬ 
phate^  and  it  can  scarcely  be  heated  sufficiently  to  burn  off  the  carbon 
on  the  top  of  the  mass  of  precipitate. 
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to  a  pint  beaker,  add  an  ounce  or  two  of  water,  warm  it, 
and  add  potash  in  small  quantities  until  the  arsenious  acid 
is  entirely  dissolved.  Add  about  four  ounces  more  water 
and  enough  hydrochloric  acid  to  render  the  liquid  slightly 
acid.  Cover  the  beaker  with  a  dial-glass  having  a  notch 
cut  in  it  for  the  passage  of  the  delivery-tube  from  the  sul¬ 
phuretted  hydrogen  apparatus.  Pass  the  sulphuretted 
hydrogen  gas  through  the  solution  in  the  covered  beaker, 
until,  after  disconnecting  the  tube  from  the  gas-bottle,  un¬ 
covering  the  beaker,  and  blowing  off  the  gas  from  the  space 
above  the  liquid,  a  distinct  smell  of  sulphuretted  hydro¬ 
gen  is  perceived  on  stirring  the  latter  with  the  tube.  Rinse 
any  splashings  off'  the  dial-glass  into  the  beaker.  Weigh 
a  filter  (about  4  inches  in  diameter)  which  has  been  dried 
in  the  water-oven  (650),  and  collect  the  bright  yellow  pre¬ 
cipitate  of  sulphide  of  arsenic  upon  it,  using  the  tube  in¬ 
stead  of  a  stirring  rod  to  guide  the  liquid  on  to  the  filter.1 
Wash  the  precipitate  till  the  washings  are  no  longer  pre¬ 
cipitated  by  nitrate  of  silver,  and  proceed  with  the  drying 
as  in  (651).2  Calculate  the  weight  of  arsenic  present  from 
that  of  the  sulphide  of  arsenic  obtained.  Suppose  the  latter 
to  weigh  6.2  grains. 

Eqt.  wt.  of  sulph.  Eqt.  wt.  of  Wt.  of  sulph.  arsenic  Wt.  of  arsenic 
arsenic.  arsenic.  obtained.  found. 


123  :  75  :  :  6.2  :  a; 

660.  Estimate  the  oxygen  by  difference — i.  e.,  by  deduct¬ 
ing  the  weight  of  the  arsenic  from  that  of  the  arsenious 
acid. 

RESULTS  OF  TI1E  ANALYSIS  OF  ARSENIOUS  ACID. 


Found. 

Calculated  (As03). 

Arsenic,  .  . 

.  .  .  75.75 

Oxygen,  .  . 

.  .  .  24.25 

100.00 

1  Should  there  be  any  difficulty  in  removing  the  last  portions  of 
the  precipitate  from  the  beaker  or  tube  with  a  caoutchouc  cap  (645) 
(or  a  tuft  at  the  end  of  a  feather),  rinse  them  with  a  very  little  water 
containing  a  drop  of  ammonia,  which  will  dissolve  the  sulphide  of 
arsenic,  and  reprecipitate  this  by  acidifying  the  liquid  with  hydro¬ 
chloric  acid. 

2  Two  or  three  hours  will  probably  be  required  for  drying  the  sul¬ 
phide  of  arsenic. 
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SECTION  YI. 


Volumetric  Analysis.1  Addimetry. 


661.  W  eigh  roughly  (639)  100  grains  (or  6  grammes) 
of  pure2  bicarbonate  of  soda,  place  it  in  a  platinum  or 
porcelain  crucible,  and  heat  it  for  a  few  minutes  over  a 
gauze  or  Bunsen  burner.  (If  a  platinum  crucible  be 
used,  the  Argand  burner  will  be  sufficient.)  Cool  the 
covered  crucible  under  the  desiccator  (634)  and  weigh. 
Repeat  the  heating  till  the  weight  is  constant,  and  pre¬ 
serve  the  carbonate  of  soda  in  a  well-closed  and  thoroughly 
dry  tube. 

662.  Measure  out  100  grains  (or  6  cubic  cen- 
FlG- 88-  timetres)  of  strong  sulphuric  acid,  and  add  it  to 
about  7000  grains  (or  500  cubic  centimetres=J 
litre)  of  distilled  water.  Preserve  the  dilute  acid 
in  a  stoppered  bottle. 


Pipette 
(100  grs.). 

water. 


These  measures  are  only  given  as  a  guide,  so  that  the  acid 
may  not  be  made  of  any  unreasonable  strength,  and  may 
be  adapted  for  other  uses.  The  measurements  need  not 
therefore  be  accurate.  Thus  an  ordinary  minim  measure 
might  be  used  for  the  sulphuric  acid,  instead  of  a  grain 
measure.  Sixteen  measured  ounces  amount  to  7000  grains 
of  water.  Pipettes  may  be  purchased  which  deliver  100 
grains  when  tilled  up  to  a  certain  mark  on  the  stem  ;  and 
measuring-flasks  which  hold  7000  grs.  (a  deci-gallon  or  one- 
tenth  of  a  gallon)  when  filled  up  to  a  certain  mark  on  the 
neck. 

663.  Estimation  of  the  amount  of  Sulphuric 
Acid  in  the  diluted  acid. — Weigh  accurately  (641) 
10.6  grains3  (or  one-fifth  of  an  equivalent)  of  the 
pure  carbonate  of  soda  (661);  transfer  it  to  a 
pint  flask,  rinsing  in  the  adhering  particles  with 
water,  and  dissolve  it  in  about  four  ounces  of 
Add  enough  solution  of  litmus  to  color  the  liquid 


1  By  volumetric  analysis  is  understood  the  method  of  determining 
the  quantity  of  a  substance  by  the  use  of  a  measured  volume  of  a 
reagent  of  known  strength. 

2  The  bicarbonate  purchased  at  the  druggist’s  is  often  almost  chem¬ 
ically  pure.  It  should  be  tested  for  sulphate  and  chloride  of  sodium. 

s  i.06  gramme  may  be  employed. 
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distinctly  blue.  (It  is  well  to  measure  the  litmus  roughly, 
using  the  same  quantity  in  all  cases.) 

Fill  a  burette  (665)  with  the  diluted  acid,  and  after 
measuring  it  exactly,  add  it,  in  small  portions  at  a  time, 
to  the  solution  of  carbonate  of  soda  in  the  flask,  with  con¬ 
stant  shaking,  until  the  blue  color  has  changed  to  purple 
(due  to  the  action  of  carbonic  acid  upon  the  litmus). 
This  will  happen  when  somewhat  more  than  half  the 
requisite  quantity  of  acid  has 
been  added.  Place  the  flask 
upon  a  piece  of  wire  gauze  over 
a  lamp  (Fig.  89),  and  boil  the 
solution  to  expel  the  carbonic 
acid  and  restore  the  blue  color. 

Continue  the  cautious  addition 
of  the  acid,  with  occasional 
boiling,  until  the  color  of  the 
litmus  has  been  changed  to  a 
light  red,  which  is  permanent 
even  on  boiling  for  some  min¬ 
utes,  showing  that  the  acid  has 
been  added  in  slight  excess. 

Note  carefully  the  number  of  measures  of  acid,  and  cal¬ 
culate  the  quantity  of  sulphuric  acid  present.  Suppose 
that  456  grains  of  acid  have  been  used. 

The  10.6  grains  (1th  equivalent)  of  carbonate  of  soda 
employed,  would  require  9.8  grains  of  hydrated  sulphuric 
acid  (H0.S03)  or  |th  equivalent,  to  neutralize  them. 
Hence  this  quantity  was  present  in  the  456  grain  measures 
of  acid  employed. 

Calculate  the  quantity  of  sulphuric  acid  in  1000  grain 
measures  (or  in  100  cubic  centimetres),  and  record  it  upon 
the  label  of  the  bottle. 

The  foregoing  experiment  should  be  repeated,  when  the 
result  should  be  almost  identical.  It  may  be  confirmed  by 
estimating  the  acid  in  a  measured  quantity  of  the  diluted 
acid,  as  in  (644). 

664.  The  quantity  of  acid  in  samples  of  diluted  hydro¬ 
chloric  and  nitric  acids  may  be  estimated  in  a  similar 
manner. 

665.  A  burette  is  a  carefully  divided  tube  from  which 
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a  liquid  may  be  poured  in  very  small  portions  at  a  time. 
One  of  the  simplest  and  most  convenient  is  that  represented 
in  Fig.  90  ;  the  flow  of  the  liquid  through  the  narrow 
orifice  is  checked  by  the  pressure  of  the  finger  upon  the 
wider  opening.  Such  a  burette  is  most  conveniently  filled 
with  a  large  pipette  (Fig.  91).  This  is  plunged  into  the 
liquid,  which  is  allowed  to  fill  it;  the  upper  end  is  then 
firmly  closed  with  the  finger,  the  tube  withdrawn  from  the 


Fig.  90.  Fig.  91.  Fig.  92.  Fig.  93. 


bottle,  its  lower  opening  held  over  the  wider  opening  of 
the  burette,  and  the  finger  removed,  when  the  liquid  flows 
out  into  the  burette. 

Mohr’s  burette  (Fig.  92),  from  which  the  liquid  is  al¬ 
lowed  to  flow  by  opening  the  nipper-tap  a,  allows  of  more 
exact  measurement,  especially  if  a  float  6,  made  of  a  glass 
tube  slightly  weighted,  be  placed  in  it.  A  circular  mark  is 
made  round  the  float  with  a  file  or  a  diamond,  and  the 
measurements  are  made  by  observing  which  of  the  divis¬ 
ions  on  the  burette  exactly  coincides  with  this  line.  A 
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burette  of  this  kind  with  a  glass  stopcock,  though  some¬ 
what  more  expensive,  is  far  more  useful. 


Fig.  94. 


An  ordinary  alkalimeter  tube  (Fig.  93)  gives  very  good 
results  if  carefully  employed,  the  acid  being  then  poured 
down  a  glass  rod  into  the  alkaline  solution  in  a  dish  or 
beaker  (Fig.  94). 


SECTION  YII. 

*. ’Alkalimetry . 

666.  Estimation  of  the  useful  Soda  in  a  sample  of  Crystal¬ 
lized  Carbonate  of  Soda. — Prepare  some  standard  sulphuric 
acid  according  to  (662)  and  determine  its  exact  strength  by 
(663).  Weigh  accurately  (641)  25  grains  (or  1.5  gramme) 
of  the  carbonate  of  soda,  and  proceed  exactly  as  directed  in 
(663). 

Calculate  the  amount  of  soda  by  the  following  pro¬ 
portions  : 


1000 : 


Wt.  of  sulph.  acid 
(HO.SOai  contained 
in  1000  grs.  of  the 
standard  acid. 


Eqt.  wt.  of  Eqt.  wt.  of  soda 
HO.SO,  (NaO). 


49  31 


{No.  of  grain  mea-  'j  C  Wt.  of  HO.SOs 
sures  of  standard  (  .  _  J  required  to 
acid  used  in  this  [  '  ^  j  neutralize  the 
experiment.  J  l  soda. 

[  Wt.  of  IIO.SO3  )  f  Wt.  of  soda  (NaO) 
required  to  neu-  J-  :  y  -c  present  in  the 
I  tralize  the  soda,  j  I  sample. 
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Calculate  the  weight  of  soda  in  100  grains  of  the  sample. 
Perfectly  pure  crystallized  carbonate  of  soda  contains  21.68 
per  cent,  of  soda. 

667.  Estimate  the  potash  in  a  sample  of  crystals  of  bicar¬ 
bonate  of  potash,  as  in  (666),  substituting  the  equivalent 
weight  of  potash  (KO=47)  for  that  of  soda  in  the  calcula¬ 
tion.  Perfectly  pure  crystallized  bicarbonate  of  potash 
contains  47  per  cent,  of  potash. 

668.  Estimate  the  potash  in  100  grain  measures  (or  10 
cubic  centimetres)  of  the  solution  of  potash  in  use  in  the 
laboratory,  by  diluting  it  with  water,  adding  litmus,  and 
conducting  the  process  as  in  (663). 

669.  Estimate  the  ammonia  in  the  solution  of  ammonia 
in  use  in  the  laboratory.  Introduce  1000  grain  measures 
of  the  standard  sulphuric  acid  (662)  into  a  beaker,  and 
color  it  distinctly  red  with  litmus.  Measure  100  grains 
(or  10  cubic  centimetres)  of  the  solution  of  ammonia  in  the 
burette,  dilute  to  1000  grains  (or  100  cubic  centimetres) 
with  water,  mix  by  agitation,  and  add  the  solution,  very 
gradually,  to  the  acid,  with  constant  stirring,  until  the 
litmus  just  assumes  a  blue  shade.  Observe  the  number  of 
measures  used  and  calculate  the  quantity  of  ammonia  pres¬ 
ent  thus : 


Eqt.  wt.  of  Eqt.  wt.  of  Atn- 
HO  S03  monia. 


(  Wt.  of  HO.SOj  ) 
J  in  1000  grains  [ 
1  of  standard  [ 
l  acid,  s  ) 


Wt.  of  ammonia  in  the 
amount  of  solution  used. 


x 


(  No.  of  gr.  mea-  (  Wt.  of  am-  1  Wt.  of  ammonia  in  100  grain  mea- 

J  suresof  solu-  I  .  J  mouiacon-  I  .  .  -mnn  .  sures  oi  the  original  solution. 

j  tion  of  am-  f  ’  1  tained  in  f  '  '  luuu  •  v - . - ' 

(.  monia  used.  J  l  them  (x).  J  y 
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.  Estimation  of  Iron  in  Reel  Haematite  Ore  ( Peroxide 
of  Iron). 

670.  Weigh  roughly  (639)  100  grains  (or  6  grammes) 
of  the  ore,  reduce  it  to  an  impalpable  powder  (614),  and 
preserve  it  in  a  corked  tube.  Weigh  accurately  15  grains 
(or  1  gramme),  introduce  it  into  a  four-ounce  flask,  and 
heat  it  (Fig.  89)  with  about  |  oz.  measure  (or  200 
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grain  measures,  or  10  cubic  centimetres)  of  strong  hydro¬ 
chloric  acid,  and  one-third  as  much  water,  until  it  is  either 
entirely  dissolved,  or  only  a  little  white  silica  is  left. 

671.  Preparation  of  a  standard  solution  of  Permanganate 
of  Potash. — Weigh  out  (641)  40  grains  (or  2.5  grammes) 
of  crystallized  permanganate  of  potash,  introduce  it  into  a 
measure-flask  (662)  capable  of  holding  7000  grains  (or 
10,000  grains,  or  J  litre) ;  fill  the  flask  about  half  full  of 
distilled  water,  and  shake  it  round  till  the  permanganate 
has  entirely  dissolved.  Fill  the  flask  up  to  the  mark  with 
distilled  water,  and  preserve  the  solution  in  a  stoppered 
bottle. 

672.  Determination  of  the  strength  of  the  solution  of  Per¬ 
manganate  of  Potash. — Weigh  accurately  7  grains  (or  0.5 
gramme)  of  clean  iron  wire  ( annealed  iron  wire),  introduce 
it  into  a  half-pint  flask  furnished  with  a  cork  and  a  short 
piece  of  narrow  glass  tube  drawn  out  to  a  point ;  pour  upon 
it  about  an  ounce  (or  500  grain  measures,  or  30  cubic  cen¬ 
timetres)  of  diluted  sulphuric  acid  (containing  one-fifth  of 
its  bulk  of  the  strong  acid).  Apply  a  gentle  heat  (Fig. 
89)  till  the  iron  is  dissolved.  Nearly  fill  the  flask  with 
water  (which  has  been  boiled  to  expel  air  and  allowed  to 
cool),  pour  the  solution  very  carefully  into  a  quart  beaker, 
rinse  the  flask  twice  with  water,  dilute  the  solution  with 
water  to  about  a  pint,  and  add  the  solution  of  perman¬ 
ganate,  gradually,  from  a  burette,1  with  constant  stirring, 
until  a  faint  pink  tinge  is  perceptible  throughout  the  whole 
liquid,  proving  that  all  the  ferrous  sulphate  is  converted 
into  ferric  sulphate,  and  that  the  permanganate  has  been 
added  in  slight  excess.  (About  960  measures  of  a  solution 
of  the  above  strength  would  be  required.)  Observe  the 
number  of  measures  of  the  solution  of  permanganate  em¬ 
ployed,  and  calculate  the  quantity  of  iron  to  which  1000 
grain  measures  (or  100  cubic  centimetres)  of  the  solution 
correspond,  and  record  it  upon  the  label  of  the  bottle. 

The  whole  operation  should  be  repeated,  with  a  fresh 
portion  of  iron,  to  prove  the  correctness  of  the  result. 

673.  Reduction  of  the  ferric  chloride  (perchloride  of 

1  If  Mohr’s  burette  be  employed,  it  must  have  a  glass  stopcock, 
since  the  permanganate  acts  upon  the  caoutchouc. 
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iron)  to  the  state  of  ferrous  chloride  (protochloride  of  iron). 
To  the  flask  containing  the  solution  of  the  haematite  ore  in 
hydrochloric  acid  (670),  attach  a  perforated  cork  carrying 
a  short  piece  of  narrow  glass  tubing  drawn  out  to  a  point; 
dilute  the  solution  with  a  little  water  and  add  a  few  frag¬ 
ments  of  pure  zinc.1  Heat  moderately,  adding  more  zinc  if 
necessary,  until  the  yellow  color  of  the  solution  has  changed 
to  a  pale  green.  Nearly  fill  the  flask  with  water  (free 
from  air),  pour  the  solution  into  a  quart  beaker,  rinse  the 
flask  twice  with  water,  dilute  the  solution  to  about  a  pint, 
add  about  an  ounce  (20  cubic  centimetres)  of  dilute  sul¬ 
phuric  acid,  and  proceed  with  the  addition  of  the  standard 
solution  of  permanganate  of  potash  as  in  (672). 

Calculate  the  weight  of  iron  present,  by  the  following 
proportion  : 


Gr.  measures  of  r  yy^  0f  jeon  corres-  1 
permanganate.  .  J  ponding  to  1000  [ 

'  ■  A  '  ’  ]  grs.  of  the  standard  f 

1000  f  permanganate,  j 


{No.  of  gr.  mea¬ 
sures  of  per¬ 
manganate  em¬ 
ployed. 


{Wt.  of  iron 
in  the  ore 
employed. 


Pure  peroxide  of  iron  would  contain  70  per  cent,  of 
iron. 

674.  Preparation  of  a  standard  solution  of  Bichromate  of 
Potash. — Weigh  roughly  (639)  50  grains  (or  3  grammes)  of 
pure  bichromate  of  potash.  Reduce  it  to  powder,  and 
heat  it  in  a  porcelain  crucible  over  an  Argand  burner  (Fig. 
83)  for  a  few  minutes.  Allow  it  to  cool  under  the  desic¬ 
cator  (Fig.  81),  and  weigh  out  accurately  (641)  40  grains 
(or  2.46  grammes)  of  it.  Rinse  it  carefully  into  a  measure 
flask  capable  of  containing  7000  grains  (or  10,000  grains 
or  \  litre),  and  proceed  exactly  as  directed  in  (671). 

(40  grains  of  the  bichromate  correspond  to  45.55  grains 
of  iron.  2.46  grammes  correspond  to  2.78  grammes  of 
iron.) 

675.  Verification  of  the  standard  solution  of  Bichromate 
of  Potash. — Weigh  accurately  4  grains  (or  0.25  gramme) 


1  The  zinc  must  be  tested  by  dissolving  a  piece  of  it  in  hydro¬ 
chloric  acid,  diluting  the  solution  largely  with  water,  and  adding  a 
drop  of  permanganate  which  should  not  be  bleached.  If  the  zinc  is 
not  pure,  the  quantity  employed  for  reduction  must  be  weighed,  an 
equal  quantity  dissolved  in  hydrochloric  acid,  the  solution  largely 
diluted,  and  the  amount  of  permanganate  which  it  bleaches  carefully 
determined. 
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of  iron  wire,  and  dissolve  it  as  directed  in  (672).  Dilute 
the  solution  with  boiling  water,  transfer  it  to  a  pint  beaker, 
rinse  the  flask  twice,  dilute  the  solution  with  boiling  water 
to  about  half  a  pint,  and  add  the  standard  solution  of 
bichromate  gradually,  from  a  burette,  with  constant  stir¬ 
ring,  until  a  drop  taken  upon  a  glass  rod,  and  dropped 
into  a  spot  of  a  dilute  solution  of  ferricyanide  of  potas¬ 
sium1  upon  a  white  plate  gives  a  clear  brown  tinge,  with¬ 
out  any  blue  or  green,  showing  that  all  the  ferrous  salt  has 
been  converted  into  ferric  salt  by  the  oxygen  of  the 
chromic  acid.  (It  is  needless  to  test  with  ferricyanide 
until  the  red  color  of  the  chromic  acid  has  given  place  to 
the  green  of  chromic  oxide.) 

Calculate  the  quantity  of  iron  to  which  1000  grains  (or 
100  cubic  centimetres)  of  the  solution  of  bichromate  cor¬ 
respond,  and  record  the  result  upon  the  label  of  the  bottle. 

676.  Determination  of  Iron  in  Haematite  by  the  Bichromate 
Process. — Dissolve  8  grains  (or  0.5  grm.)  of  the  finely 
powdered  ore  in  hydrochloric  acid  as  in  (670).  Reduce 
the  ferric  chloride  to  ferrous  chloride  as  in  (673),  but  dilute 
the  solution  to  half  a  pint  only,  and  proceed  to  determine 
the  quantity  of  bichromate  solution  required  to  oxidize  it 
as  in  (675).  Calculate  the  weight  of  iron  present  from 
the  number  of  measures  employed. 

SECTION  IX. 

Valuation  of  Manganese  Ore  ( Peroxide  of  Manganese). 

677.  To  a  pint  flat-bottomed  flask,  adapt,  air-tight,  a 
perforated  cork  fitted  with  a  narrow  glass  tube  about  20 
inches  long,  bent  twice  at  right  angles,  the  shorter  limb 
which  passes  through  the  cork  being  about  3  inches  long, 
and  the  other  about  12  inches.  Weigh  out,  separately 
and  exactly  (641)  30  grains  (or  2  grammes)  of  iron  wire 
(i annealed ),  and  30  grains  (or  2  grammes)  of  the  finely- 

1  This  must  be  quite  free  from  ferroeyanide.  Take  a  crystal  of  the 
red  prussiate  of  potash,  wipe  it  well  with  a  damp  cloth,  weigh  it 
roughly,  and  dissolve  it  in  about  forty  times  its  weight  of  water.  The 
solution  will  contain  some  ferroeyanide  if  kept,  especially  when  ex¬ 
posed  to  the  light. 
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powdered  manganese  ore.  Place  the  iron  wire  in  the 
flask,  pour  upon  it  three  measured  ounces  (or  1500  grains, 
or  90  cubic  centimetres)  of  diluted  sulphuric  acid  (contain¬ 
ing  one  measure  of  oil  of  vitriol  and  three  measures  of 
water) ;  attach  the  cork  with  the  bent  tube,  and  allow  the 
long  limb  to  dip  down  to  the  bottom  of  a  4-oz.  flask  half 
full  of  distilled  water.  Apply  a  gentle  heat  until  all  the 
iron  has  dissolved ;  remove  the  cork,  and  introduce  the  30 
grains  of  manganese  ore ;  boil  gently  (with  the  tube  still 
dipping  into  water)  until  all  the  black  oxide  of  manganese 
is  dissolved  ;  remove  the  lamp,  so  that  the  steam  may 
condense,  when  the  presence  of  the  air  will  force  the  water 
from  the  smaller  into  the  larger  flask,  and  thus  anything 
which  has  splashed  over  will  pass  back  into  the  flask; 
pour  a  little  more  water  into  the  small  flask  to  rinse  it,  and 
allow  it  to  go  back  in  the  same  way.  Remove  the  cork, 
add  enough  distilled  water  to  make  the  solution  up  to 
about  half  a  pint,  and  ascertain  how  much  iron  has  been 
left  unconverted  into  ferric  oxide  by  the  available  oxygen 
of  the  peroxide  of  manganese  ;  this  is  effected  by  a  standard 
solution  either  of  permanganate  of  potash,  as  in  (672)  or 
of  bichromate,  as  in  (675). 

Deduct  the  weight  of  iron  which  is  found  unconverted, 
from  the  30  grains  employed,  and  calculate  the  weight  of 
peroxide  of  manganese  present  by  the  following  propor¬ 
tion  : 


Two  eqts.  of  Eqt.  of  peroxide 
iron.  of  manganese. 


Wt.  of  iron 
oxidized. 


{Wt.  of  peroxide 
of  manganese 
present. 


SECTION  X. 

Quantitative  Analysis  of  Magnesian  Limestone. 

678.  Weigh  roughly  (639)  100  grains  (or  6.5  grammes) 
of  the  mineral.  Powder  it  finely  (614),  and  preserve  it  in 
a  corked  tube. 

679.  Estimation  of  the  Hygroscopic  Moisture. — Weigh  ac¬ 
curately  (641)  50  grains  (or  3  grammes),  place  it  in  a  por¬ 
celain  crucible,  and  heat  it,  in  the  air-bath,  at  about  300° 
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F.  (or  150°  C.)f  for  half  an  hour.  Cover  the  crucible,  al¬ 
low  it  to  cool  in  the  desiccator  (Fig.  81)  and  weigh  it  Re¬ 
peat  the  weighing,  at  intervals  of  a  quarter  or  half  an 
hour,  till  the  weight  is  constant.  Calculate  the  percentage 
of  water  lost. 

680.  Estimation  of  Sand  and  Clay. — Weigh  accurately 
(641)  25  grains  (or  1.5  gramme)  of  the  limestone,  and  treat 
it  with  hydrochloric  acid  as  in  (653),  as  long  as  anything 
more  appears  to  be  dissolved.  Collect  the  undissolved 
residue  (sand  and  clay)  upon  a  filter  (of  about  3  inches  di¬ 
ameter),  taking  care  to  avoid  loss,  and  wash  it  with  hot 
water  (Fig.  74),  as  long  as  a  drop  of  the  washings  reddens 
blue  litmus-paper.  Reserve  the  solution  and  washings 
for  subsequent  examination  (681).  Dry  the  residue  upon 
the  filter  (627),  incinerate  (629),  in  a  porcelain  or  platinum 
crucible,  and  weigh. 

681.  Estimation  of  the  Silica  (contained  in  the  limestone 
as  a  silicate). — Pour  the  solution  from  (680),  or  a  part  of  it, 
down  a  glass  rod  into  a  half-pint  evaporating-dish,  which 
must  not  be  filled  higher  than  within  half  an  inch  of  the 
rim,  and  evaporate  over  a  plain  burner  (Fig.  22),  without 
boiling ;  add  the  rest  of  the  solution  when  the  first  has 
partly  evaporated,  and  rinse  out  the  beaker  twice  with  a 
little  water,  into  the  dish.  Continue  to  evaporate  the 
liquid  to  dryness,  placing  a  dial-glass  (convexity  down¬ 
wards)  over  the  dish  towards  the  end  of  the  evaporation, 
to  prevent  loss  from  spurting.  When  the  dish  has  cooled, 
pour  about  an  ounce  of  water  over  the  residue,  and  add  a 
little  hydrochloric  acid,  by  degrees,  applying  a  gentle  heat, 
until  either  the  residue  has  entirely  dissolved,  or  nothing 
is  left  but  white  flakes  of  silica.1  Add  a  feAV  drops  of  ni¬ 
tric  acid  (to  convert  the  ferrous  chloride  into  ferric  chloride) 
and  heat  gently  for  a  minute  or  two.  Dilute  the  solution 
with  about  two  ounces  of  water,  collect  the  silica  upon  a 
filter  (about  3  inches  in  diameter),  pouring  the  solution 
down  a  glass  rod  on  to  the  filter,  wash  the  silica  with  hot 
water  till  the  washings  (which  must  be  saved)  no  longer 


1  Many  limestones  are  free,  or  nearly  so,  from  combined  silica,  and 
will  therefore  leave  no  residue  undissolved  at  this  stage. 


254  EXAMPLES  IN  QUANTITATIVE  ANALYSIS. 

redden  blue  litmus,  dry  (Fig.  76),  incinerate1  very  carefully 
in  a  porcelain  or  platinum  crucible,  and  weigh. 

682.  Estimation  of  the  Oxide  of  Iron  ( ferrous  oxide)  and 
Alumina. — To  the  solution  filtered  from  the  silica  in  (681) 
add  about  15  grains  (or  1  gramme)  of  chloride  of  am¬ 
monium  dissolved  in  water,  and  ammonia,  until  the  solu¬ 
tion  smells  strongly  of  it,  even  after  stirring;  heat  the 
solution  gently,  in  a  beaker  covered  with  a  dial-glass,  col¬ 
lect  the  precipitate  (alumina  and  peroxide  of  iron)  upon  a 
filter  (about  3  inches  in  diameter),  wash  with  hot  water 
till  the  washings  (which  must  be  saved)  give  no  turbidity 
with  oxalate  of  ammonia,  dry  (Fig.  76),  incinerate 'in  a 
porcelain  or  platinum  crucible,  and  weigh. 

If  the  brown  color  of  the  precipitate  indicates  the  pres¬ 
ence  of  any  considerable  quantity  of  iron,  dissolve  it  in 
the  crucible  with  a  little  hydrochloric  acid,  reduce  the 
ferric  chloride  as  in  (673)  and  estimate  the  iron  either  by 
the  standard  solution  of  permanganate  (672)  or  by  the  bi¬ 
chromate  (675).  From  the  weight  of  iron  found,  calculate 
the  weight  of  peroxide  of  iron  in  the  precipitate  (56  parts 
of  iron  yield  80  parts  of  the  peroxide),  and  deduct  it  from 
the  joint  weights  of  the  alumina  and  peroxide  of  iron,  to 
ascertain  the  amount  of  alumina.  Since  the  iron  is  gen¬ 
erally  present  in  the  limestone  as  a  carbonate  of  the  pro¬ 
toxide  (ferrous  carbonate),  the  weight  of  the  protoxide  cor¬ 
responding  to  the  metallic  iron  found  must  be  calculated 
(28  parts  of  iron  yield  36  parts  of  protoxide),  and  its  per¬ 
centage  recorded. 

683.  Estimation  of  the  Lime. — To  the  solution  and  wash¬ 
ings  from  the  alumina  and  peroxide  of  iron  in  (682),  add 
oxalate  of  ammonia  in  quantity  more  than  sufficient  to 
precipitate  the  whole  of  the  lime;2  heat  the  solution  nearly 
to  boiling  in  a  beaker  covered  with  a  dial-glass,  set  it  aside 
for  some  time,  and  proceed  further  as  directed  in  (653), 


1  Silica  is  very  apt,  when  heated,  to  be  carried  away  by  a  current 
of  air  ;  it  is  therefore  advisable  to  remove  it  as  completely  as  possible 
from  the  filter,  and  to  ignite  it  in  a  covered  crucible,  the  filter  being 
incinerated  separately,  and  the  ash  added  to  the  ignited  silica  after 
cooling. 

2  20  grains  (or  1.5  gramme)  dissolved  in  water  will  be  sufficient  for 
the  purpose. 
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saving  the  filtered  liquid  and  washings  for  the  estimation 
of  the  magnesia. 

684.  Estimation  of  the  Magnesia. — Place  the  open  beaker 
containing  the  filtered  liquid  and  washings  from  (683)  upon 
a  piece  of  gauze  over  a  lamp,  and  evaporate  the  liquid 
without  boiling  it,  till  it  measures  only  about  four  ounces; 
transfer  it  to  a  smaller  beaker,  rinsing  the  first  with  a  little 
water ;  add  ammonia  in  considerable  excess,  and  precipi¬ 
tate  the  magnesia  with  phosphate  of  soda,  proceeding  as 
directed  in  (657). 

685.  Estimation  of  the  Carbonic  Acid. — Proceed  accord¬ 
ing  to  the  directions  in  (654). 

686.  Calculate  the  amount  of  each  constituent  in  100 
parts  of  the  limestone.  If  the  analysis  be  satisfactory,  the 
sum  of  the  percentages  should  amount  to  at  least  99.  The 
following  statements  will  enable  the  analyst  to  corroborate 
his  results  or  to  discover  which  estimation  is  incorrect. 

If  22  parts  of  carbonic  acid  be  allowed  for  every  28 
parts  of  lime,  and  the  same  amount  for  every  20  parts  of 
magnesia  (and  for  every  36  parts  of  protoxide  of  iron  if 
present),  the  sum  of  the  amounts  of  carbonic  acid  thus 
calculated  should  be  nearly  the  same  as  that  obtained  in 
the  analysis. 

If  10  grains  (or  0.6  gramme)  of  the  powdered  limestone 
be  strongly  heated  in  a  porcelain  or  platinum  crucible  until 
its  weight  is  constant,  the  total  loss  should,  when  calculated 
upon  100  parts,  be  equal  to  the  joint  percentages  of  car¬ 
bonic  acid  and  hygroscopic  moisture.1 


SECTION  XI. 

Quantitative  Analysis  of  Copper  Pyrites. 

687.  Weigh  roughly  30  grains  (or  2  grammes)  of  the 
mineral,  and  reduce  it  to  a  fine  powder  (614).  Weigh  ac¬ 
curately  (641)  25  grains  (or  1.5  gramme),  introduce  it  into 


1  Unless  much  iron  be  present,  when  a  correction  must  be  made 
for  the  absorption  of  oxygen  to  the  amount  of  one-ninth  of  the 
weight  of  the  ferrous  oxide  present. 
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a  four-ounce  beaker  covered  with  a  dial-glass  (or  into  a 
flask  with  a  small  funnel,  Fig.  70) ;  pour  upon  it,  care¬ 
fully  (653),  about  three  drachms  (or  200  grain  measures, 
or  10  cubic  centimetres)  of  strong  nitric  acid;  warm  it 
gradually  (Fig.  68)  until  the  action  has  in  great  measure 
ceased,  add  half  an  ounce  (or  300  grain  measures,  or  15 
cubic  centimetres)  of  strong  hydrochloric  acid  ;  heat  to 
boiling,  in  the  covered  beaker,  until  the  pyrites  is  com¬ 
pletely  acted  on,  and  any  separated  sulphur  has  a  yellow 
color.  Uncover  the  beaker,  rinse  the  dial-glass  with  a  few 
drops  of  water,  and  evaporate,  without  boiling,  in  the  open 
beaker,  till  only  enough  liquid  is  left  to  cover  the  bottom. 
Should  red  fumes  be  still  visible,  add  a  little  more  hydro¬ 
chloric  acid,  and  again  evaporate. 

688.  Estimation  of  the  Silica  and  unoxidized  Sulphur. — 
Weigh  a  dried  Alter  (650),  about  three  inches  in  diameter; 
dilute  the  solution  from  (687)  with  two  ounces  (or  50  cubic 
centimetres)  of  water,  and  pour  it  through  the  Alter,  into 
a  measure-flask  (662)  capable  of  containing  5000  grains 
(or  250  cubic  centimetres).  Collect  every  particle  of  the 
residue  upon  the  Alter,  wash  it  till  the  washings  are  no 
longer  acid,  and  dry  it  in  the  water-oven,  till  its  weight  is 
constant  (650);  deduct  the  weight  of  the  Alter,  to  obtain 
the  joint  weights  of  the  silica  and  sulphur.  Transfer  the 
contents  of  the  Alter  to  a  weighed  porcelain  crucible,  in¬ 
cinerate  the  Alter  (630),  collecting  its  ash  in  the  same  cru¬ 
cible,  and  heat  the  latter,  until  all  the  sulphur  is  consumed; 
weigh  the  residual  silica  and  deduct  its  weight  from  the 
joint  weights  of  silica  and  sulphur.  Calculate  the  quan¬ 
tity  of  each  in  100  parts  of  the  mineral. 

689.  Estimation  of  the  Sulphur  which  has  been  oxidized 
into  Sulphuric  Acid. — Make  up  the  volume  of  the  Altrate 
and  washings  in  the  measure-flask  (688)  to  5000  grains 
(or  250  cubic  centimetres)  by  the  addition  of  water,  taking 
great  care  to  secure  perfect  mixture,  which  may  be  effected 
by  adding  the  water  with  a  pipette  (Fig.  91)  thrust  down 
to  the  bottom  of  the  flask,  and  occasionally  agitating. 
Take  2500  grains  (or  125  cubic  centimetres,  or  any  other 
convenient  fraction,  if  not  too  small)  of  the  diluted  solu¬ 
tion,  introduce  it  into  a  half-pint  beaker,  and  proceed  to 
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estimate  the  sulphuric  acid  by  precipitating  with  chloride 
of  barium,1  as  in  (644). 

Calculate  the  amount  of  sulphur  from  the  weight  of  the 
sulphate  of  baryta  by  the  proportion : 


Eqt.  wt.  of  sulphate 
of  baryta. 


116.5 


Eqt.  wt.  of 
sulphur. 


16 


Wt.  of  sul¬ 
phate  of 
baryta 
obtained. 


Wt.  of  sulphur 
oxidized. 


Calculate  the  weight  of  sulphur  oxidized  upon  100 
parts  of  the  copper-pyrites  (recollecting  that  only  half  the 
solution  prepared  from  the  25  grains  has  been  employed), 
and  add  it  to  the  percentage  of  unoxidized  sulphur  found 
in  (688). 

690.  Estimation  of  the  Copper. — Transfer  the  other  half 
of  the  solution  taken  for  estimating  the  sulphuric  acid  in 
(689)  to  a  •  pint  beaker,  dilute  to  about  half  a  pint  with 
water,  and  thoroughly  saturate  with  hydrosulplmric  acid 
gas  (659).  Allow  the  precipitate  to  subside,  so  that  a 
little  saturated  solution  of  hydrosulphuric  acid  may  be 
added  to  the  liquid,  to  ascertain  that  all  the  copper  is  pre¬ 
cipitated.  Collect  the  sulphide  of  copper  upon  a  filter 
(about  5  inches  in  diameter),  wash  it  rapidly  with  water 
containing  hydrosulphuric  acid,  until  a  drop  of  the  wash¬ 
ings  is  no  longer  tinged  black  by  ammonia.  Treat  the 
filtrate  and  washings  according  to  (691).  Place  the  funnel 
containing  the  precipitated  sulphide  of  copper  over  a  half- 
pint  flask,  perforate  the  apex  of  the  filter  with  a  pointed 
glass  rod  (Fig.  26),  and  wash  as  much  as  possible  of  the 
precipitate  into  the  flask  by  means  of  a  fine  stream  of 
water  from  a  washing-bottle.  Dry  the  filter,  incinerate  it, 
and  add  the  ashes  to  the  contents  of  the  flask ;  add  to 
these  two  drachms  (7  cubic  centimetres)  of  nitric  acid,  and 
heat,  at  first  gently,  but  finally  to  boiling,  until  the  sul¬ 
phur  separates  in  yellow  globules.  Dilute  the  solution 
with  two  ounces  (60  cubic  centimetres)  of  water,  filter, 
washing  the  filter  thoroughly,  and  determine  the  copper 
as  oxide,  according  to  the  directions  given  at  (646).  From 
the  weight  of  the  oxide,  calculate  that  of  the  copper  thus : 


1  About  30  grains  of  crystallized  chloride  of  barium  dissolved  in 
water  will  be  sufficient. 


22 
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Eqt.  wt.  of  oxide  of 
copper. 


39.7 


Eqt.  wt.  of 
copper. 

^3L7 


Wt.  of  oxide 
of  copper 
obtained. 


Weight  of  copper 
found. 


Calculate  the  copper  in  100  parts  of  the  pyrites  (recol¬ 
lecting  that  only  one-half  of  the  solution  from  25  grains 
has  been  employed). 

691.  Estimation  of  the  Iron. — Test  the  filtrate  and 
washings  from  the  sulphide  of  copper  in  (690)  with  hy- 
drosulphuric  acid,  to  ascertain  that  all  the  copper  has  been 
precipitated,  and  evaporate,  in  the  beaker,  to  about  a 
quarter  of  a  pint.  Cover  the  beaker  with  a  dial-glass, 
add  a  few  drops  of  nitric  acid,  by  degrees,  continuing  the 
application  of  heat,  until  all  the  iron  is  converted  into 
peroxide,  the  liquid  having  a  bright  yellow  color.  Add 
ammonia,  by  degrees,  in  slight  excess;  collect  the  precipi¬ 
tated  peroxide  of  iron  upon  a  filter  (about  5  inches  in 
diameter),  wash  with  boiling  water  till  the  washings  are 
no  longer  rendered  turbid  by  nitric  acid  and  nitrate  of 
silver,  dry  (628),  ignite  (630)  in  a  porcelain  or  platinum 
crucible,  and  weigh. 

Calculate  the  weight  of  iron  in  the  precipitate,  thus : 


Eqt.  wt.  of  peroxide 
of  iron. 

80~ 


Two  eqt.  wts.  of 
iron. 


56 


W t.  of  per¬ 
oxide 
obtained. 


Wt.  of  iron 
found. 


Calculate  the  iron  in  100  parts  of  the  pyrites  (recollect¬ 
ing  that  only  one-half  of  the  solution  from  25  grains  has 
been  employed). 

The  sum  of  the  percentages  of  copper,  iron,  sulphur,  and 
silica  should  amount  to  at  least  99,  if  the  analysis  be 
correct. 


SECTION  XII. 

Quantitative  Analysis  of  Gunpowder  ;  consisting  of  Nitre , 
Charcoal,  and  Sulphur. 

692.  Estimation  of  the  Hygroscopic  Moisture. — r Weigh  a 
porcelain  crucible,  and  mark  the  weight  upon  it,  in  ink. 
Introduce  into  it  100  grains  (or  6  grammes)  of  gunpowder, 
and  expose  it  in  the  water-oven  (615)  for  an  hour.  Allow 
it  to  cool,  in  the  covered  crucible,  and  weigh  it.  Replace 
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the  crucible  in  the  oven,  and  weigh  it  at  intervals  of  a 
quarter  of  an  hour  till  the  weight  remains  constant.1 

693.  Estimation  of  the  Nitre. — Weigh  a  thin  flask  capa¬ 
ble  of  holding  four  fluid  ounces  (Fig.  95).  Mark  the 
weight  upon  the  neck  with  a  diamond  or  hard 
file.  Attach  it  to  a  funnel  by  means  of  a  per¬ 
forated  cork,  fitted,  air-tight,  to  the  flask. 

Place  in  the  funnel  a  filter  which  has  been 
dried  at  212°  F.  (650),  and  weighed.  Moisten 
the  filter,  and  fit  it  exactly  to  the  sides  of  the 
funnel.  Place  upon  it  100  grains  (or  6 
grammes)  of  gunpowder,  and  pour  over  this 
about  half  an  ounce  of  boiling  distilled  water. 

Cover  the  funnel  with  a  dial-glass,  and  allow 
it  to  stand  for  five  minutes  in  order  that  the 
water  may  soak  wrell  into  the  gunpowder  and  dissolve  the 
nitre.  Loosen  the  cork  to  allow  the  air  to  escape  from  the 
flask,  and  the  solution  to  pass  through.  Repeat  this  treat¬ 
ment  with  successive  portions  of  boiling  water,  till  all  the 
nitre  has  been  dissolved  out,  which  may  be  ascertained  by 
evaporating  a  drop  from  the  funnel  upon  a  slip  of  glass, 
when  it  should  leave  no  residue 
of  any  consequence.2  Proceed 
with  the  charcoal  and  sulphur,  as 
in  (694).  Select  a  thin,  shallow 
evaporating  dish  (a,  Fig.  96),  and 
grease  slightly,  with  a  little  lard, 
the  upper  margin  of  the  in¬ 
side  of  the  dish,  to  the  depth  of 
an  eighth  of  an  inch,  to  prevent 
the  nitre  from  creeping  up  the 
side  of  the  dish.  Weigh  the  dish 
and  mark  the  weight  upon  it. 

Pour  the  solution  of  nitre  into  it, 
down  a  glass  rod,  till  it  reaches  to 
the  lower  edge  of  the  greased  por- 


Fig.  96. 


Evaporation  of  the  Solution 
of  Nitre. 


Fig.  95. 


1  Since  a  minute  quantity  of  sulphur  escapes  at  212°,  the  moisture 
will  be  estimated  a  little  too  high.  An  exact  determination  would 
be  made  by  drying  at  the  ordinary  temperature  over  oil  of  vitriol 
(634). 

2  About  four  ounces  of  water  are  usually  required  for  this  purpose. 
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tion.  Support  the  dish  upon  a  retort -stand  b,  at  some  dis¬ 
tance  above  a  ring  gas-burner,  and  evaporate  the  solution, 
without  allowing  it  to  boil,  pouring  in  the  remainder  by  de¬ 
grees  from  the  flask,  and  finally  rinsing  out  the  latter  with 
water.1  When  the  solution  has  been  evaporated  to  about 
half  an  ounce,  place  the  dish  over  a  steam-bath  (Fig.  79), 
and  continue  the  evaporation  to  perfect  dryness.  After 
thorough  drying  over  the  steam-bath,  cover  the  dish  with 
a  dial-glass,  and  heat  it  gradually  over  a  ring-burner  (Fig. 
96),  until  the  nitre  begins  to  fuse.  Allow  the  dish  to  cool, 
and  weigh  it. 

694.  Estimation  of  the  Charcoal. — Remove  the  filter  con¬ 
taining  the  charcoal  and  sulphur  (693)  from  the  funnel, 
place  it  in  a  dish  without  unfolding  it,  and  dry  it  in  the 
water-oven  (Fig.  67)  for  an  hour.  Weigh  it  rapidly  to 
avoid  absorption  of  moisture  from  the  air;  replace  it  in  the 
water-oven,  and  weigh  it  at  intervals  of  half  an  hour  till 
its  weight  is  constant.  Place  the  filter  upon  the  same  fun¬ 
nel  (which,  as  well  as  the  flask,  should  have  been  thor¬ 
oughly  dried),  and  spurt  upon  it,  from  a  small  washing- 
bottle,  about  two  drachms  of  pure  bisulphide  of  carbon.2 
Cover  the  funnel,  and  allow  it  to  remain  for  five  minutes. 
Loosen  the  cork  from  the  flask,  so  that  the  bisulphide  may 
run  through,  and  repeat  the  washing  several  times  until  the 
whole  of  the  sulphur  is  dissolved  out,  which  may  be  ascer¬ 
tained  by  evaporating  a  few  drops  as  they  fall  from  the 
funnel,  when  they  should  leave  no  residue.  Proceed  with 
the  solution  of  sulphur  in  bisulphide  of  carbon  according 
to  (695).  Place  the  filter  with  the  charcoal  in  a  dish,  and 
allow  it  to  remain  exposed  to  the  air  until  the  bisulphide 
of  carbon  has  evaporated,  which  may  be  known  by  the 
smell.  Then  place  it  in  the  water-oven,  and  weigh  it  at 
intervals  until  its  weight  is  constant.  On  deducting  the 
weight  of  the  filter  (693),  that  of  the  charcoal  will  be 
ascertained. 

1  Should  any  charcoal  have  passed  through  the  filter,  it  should  be 
now  collected  upon  a  small  dried  and  weighed  filter,  well  washed,  its 
weight  determined  and  added  to  that  obtained  in  (694). 

2  Since  the  bisulphide  of  carbon  is  very  volatile  and  inflammable, 
great  care  must  be  taken  not  to  bring  it  near  a  flame.  Its  purity 
must  he  tested  by  allowing  a  little  to  evaporate  in  a  watch-glass, 
when  it  should  leave  no  residue. 
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695.  Estimation  of  the  Sulphur. — To  the  flask  containing 
the  solution  of  sulphur  in  bisulphide  of  carbon,  fit  a  cork 
and  tube  bent  as  in  the  figure  (Fig.  97),  and  connected  with  a 


Fig.  97. 


Distillation  of  the  Bisulphide  of  Carbon. 


Liebig’s  condenser.  Apply  a  very  gentle  heat  with  a  ring 
burner,  and  distil  off  the  greater  portion  of  the  bisulphide 
of  carbon.  When  only  a  shallow  layer  of  the  latter  re¬ 
mains  at  the  bottom  of  the  flask,  disconnect  it,  and  evapo¬ 
rate  the  remainder  by  gently  blowing  into  the  flask  with  a 
moderately  wide  tube.  When  the  odor  of  bisulphide  of 
carbon  has  entirely  disappeared,  place  the  flask  in  a  water- 
oven,  and  weigh  it  at  intervals  as  long  as  any  variation  in 
weight  is  perceptible.  The  weight  of  the  sulphur  is  then 
ascertained  by  deducting  that  of  the  flask. 

696.  To  corroborate  the  above  result,  the  sulphur  may 
be  estimated  in  another  portion  of  the  gunpowder  by  con¬ 
verting  it  into  sulphuric  acid,  and  weighing  this  in  the 
form  of  sulphate  of  baryta.  For  this  purpose,  50  grains 
(or  3  grammes)  of  gunpowder  are  heated  in  a  small  flask, 
with  one  fluid  ounce  of  concentrated  nitric  acid  (s.  G.,  1.36), 
and  crystals  of  chlorate  of  potash  are  added  in  small  por¬ 
tions  to  the  boiling  liquid  until  the  whole  of  the  powder  is 
dissolved  to  a  clear  light-yellow  liquid.  This  will  require 
about  50  grains  (3  grammes)  of  the  chlorate.  The  solu¬ 
tion  is  boiled  down,  rinsed  into  a  beaker,  diluted  with  at 
least  six  ounces  of  hot  water  (to  avoid  precipitation  of 
nitrate  of  baryta),  and  mixed  with  about  50  grains  of  chlo- 
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ride  of  barium  dissolved  in  an  ounce  of  hot  water.  The 
precipitate  of  sulphate  of  baryta  is  allowed  to  subside,  col¬ 
lected  on  a  filter,  washed  with  the  precautions  mentioned 
in  (645),  and  the  determination  completed  as  therein 
directed. 

The  percentage  of  sulphur  found  by  this  process  is 
usually  somewhat  higher  than  that  obtained  by  treatment 
with  bisulphide  of  carbon,  which  fails  to  extract  the  last 
traces  of  sulphur  from  the  charcoal.  Should  the  difference 
be  only  0.1  or  0.2  per  cent.,  tjie  mean  may  be  taken  as 
correct. 

697.  If  the  analysis  is  correct,  the  sum  of  the  charcoal, 
sulphur,  and  nitre  should  amount  to  at  least  99.5.  The 
sum  of  the  charcoal  and  sulphur,  separately  determined  in 
(695)  and  (696),  should  be  nearly  equal  to  their  joint 
weight  determined  in  (694). 

SECTION  XIII. 

Additional  Exercises  in  Quantitative  Analysis. 

698.  Proficiency  in  quantitative  analysis  can  only  be 
attained  by  much  practice.  The  directions  already  given 
will  enable  the  student  to  perform  several  other  analyses. 
The  following  examples  may  be  recommended  : 

Sulphate  of  Iron  (green  vitriol) ;  estimate  the  sulphuric 
.acid  by  (644),  and  the  oxide  of  iron  by  (672,  675,  or  691). 

Chloride  of  Barium;  estimate  the  chlorine  by  (651),  and 
the  barium  by  precipitation  with  sulphuric  acid  (644). 

Carbonate  of  Magnesia;  estimate  the  magnesia  by  (657), 
and  the  carbonic  acid  by  (654). 

Phosphate  of  Soda;  estimate  the  phosphoric  acid  by  pre¬ 
cipitating  with  a  mixture  of  sulphate  of  magnesia  with 
chloride  of  ammonium  and  ammonia,  and  proceeding  as  in 
(657>- 

Iron  Pyrites;  treat  as  for  copper  pyrites,  omitting  the 
estimation  of  copper. 
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CHAPTER  I. 

EXAMINATION  AND  USES  OF  REAGENTS. 

699.  The  following  is  a  list  of  the  reagents,  &c.,  usually 
employed  in  testing  and  analysis,  with  the  quantities  in 
which  it  is  generally  necessary  to  provide  them: 


Solutions  in  narrow-mouthed  8 -oz. 
bottles. 


1.  Sulphuric  acid, 

strong. 

2.  “  “ 

dilute. 

3.  Hydrochloric  “ 

strong. 

4.  11  “ 

dilute. 

5.  Nitric  “ 

strong. 

6.  “  “ 

dilute. 

7.  Hydrosulphuric  acid. 

8.  Ammonia. 

9.  Carbonate  of  ammonia. 

10.  Chloride  of  ammonium. 

11.  Potash. 

12.  Baryta-water. 

Solutions  in  narrow-mouthed  2-oz. 
bottles. 

1.  Oxalate  of  ammonia. 

2.  Ferrocyanide  of  potassium. 

3.  Ferridcyanide  “ 

4.  Antimoniate  of  potash. 

5.  Carbonate  of  soda. 

6.  Phosphate  “ 

7.  Nitrate  of  baryta. 

8.  Sulphate  of  magnesia. 

9.  Perchloride  of  iron. 

10.  Nitrate  of  cobalt. 

11.  Sulphate  of  copper. 

12.  Acetate  of  lead. 

13.  Perchloride  of  mercury. 

14.  Protochloride  of  tin. 

15.  Bichloride  of  platinum. 

16.  Solution  of  starch. 


Solutions  in  narrow-mouthed  4 -oz. 
bottles. 

1.  Acetic  acid. 

2.  Tartaric  “ 

3.  Hydrosulphate  of  ammonia. 

4.  Lime-water. 

5.  Sulphate  of  lime. 

6.  Chloride  of  calcium. 

7.  Chloride  of  barium. 

8.  Nitrate  of  silver. 

9.  Alcohol. 


Solids  in  wide-mouthed  2-oz. 
bottles. 

1.  Phosphate  of  soda  and  ammo¬ 

nia,  1  oz. 

2.  Nitrate  of  potash,  2  oz. 

3.  Cyanide  of  potassium,  1  oz. 

4.  Borax,  1  oz. 

5.  Sulphate  of  iron,  1  oz. 

6.  Flowers  of  sulphur,  1  oz. 

7.  Carbonate  of  soda,  2  oz. 

8.  Nitrate  of  baryta,  2  oz. 
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In  addition  to  these,  the  analyst  will  require — 

Granulated  zinc,  1  lb. 

Blue  and  red  litmus,  and  turmeric-paper. 

Distilled  water. 

Stoppered  bottles  are  to  be  preferred  for  the  reagents. 
Those  made  of  green  glass  are  the  least  expensive  and  the 
least  corroded. 

The  following  reagents  will  eventually  be  required,  but 
they  are  not  indispensable  at  the  commencement : 


Solutions. 


1.  Oxalic  acid,  2  oz. 

2.  Hydrofluosilicic  acid.  2  oz. 

3.  Carbonate  of  potash,  2  oz. 

4.  Iodide  of  potassium,  2  oz. 


5.  Chromate  of  potash,  2  oz. 

6  Acetate  of  potash,  2  oz. 

7.  Sulphate  of  manganese,  2  oz. 

8.  Sulphindigotic  acid,  2  oz. 


The  beginner  should  also  be  provided  with  the  following 
articles : 


12  test-tubes. 

Rack  with  draining-pegs. 
Tu  be-cleaner. 

Spirit-lamp  or  gas-burner. 

3  funnels:  2  oz.,  I  oz.,  £  oz. 
Filter-paper. 

Slips  of  window-glass. 

Glass  rod. 


Narrow  hard  glass  tubing. 
Blowpipe. 

Triangular  file. 

Platinum  wire  and  foil. 

4-oz.  evaporating-dish. 
Half-pint  Wedgewood  mortar. 
Wire  triangle. 

Wire  tripod,  or  retort-stand. 


700.  Most  of  the  chemicals,  as  they  are  met  with  in 
commerce,  being  always  more  or  less  impure,  and,  as  those 
even  which  are  sold  in  the  shops  as  pure  reagents,  are  not 
unfrequently  found,  on  examination,  to  be  otherwise ;  it  is 
always  necessary,  before  taking  a  reagent  into  use,  to  ascer¬ 
tain  by  experiment  whether  it  is  of  sufficient  purity  for  the 
purposes  for  which  it  is  intended.  It  may  be  stated  as  a 
general  rule,  that,  when  a  chemical  substance  is  required 
for  use  in  analysis,  it  ought  to  be  as  nearly  pure  as  pos¬ 
sible  :  while,  for  many  of  the  other  operations  of  chemistry, 
the  substances  which  are  usually  met  with  in  commerce 
are  sufficiently  pure.  The  following  brief  remarks  rela¬ 
tive  to  the  more  common  impurities  of  reagents,  together 
with  their  principal  uses,  will  probably  be  found  useful  to 
the  student. 
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The  substances  are  arranged  alphabetically  for  more  con¬ 
venient  reference. 

701.  Acetate  of  Lead. — Acetate  of  lead  is  used  as  a  test 
for  several  acids  which  form  with  oxide  of  lead  insoluble 
salts.  For  testing,  one  part  of  the  salt  may  be  dissolved 
in  ten  parts  of  water. 

702.  Acetate  of  Potash. — The  commercial  salt  is  liable 
to  contain  carbonate  of  potash,  which  causes  it  to  effervesce 
when  mixed  with  hydrochloric  acid.  Solution  of  acetate 
of  potash  should  not  be  tinged  by  hydrosulphate  of  ammo¬ 
nia.  The  salt  may  be  dissolved  for  use  in  three  times  its 
weight  of  water. 

703.  Acetic  Acid. — This  acid  is  often  contaminated  with 
one  or  more  of  the  following  substances :  sulphuric,  sul¬ 
phurous,  and  hydrochloric  acids,  lead,  and  certain  saline 
matters. 

(a)  Any  fixed  impurity  may  be  detected  by  heating  a 
little. on  a  slip  of  glass. 

(b)  Add  to  a  portion  of  the  diluted  acid,  a  solution  of 
chloride  of  barium :  if  sulphuric  acid  is  present,  a  white 
precipitate  is  thrown  down. 

( c )  Test  for  sulphurous  acid  by  (372). 

(d)  Nitrate  of  silver,  added  to  the  diluted  acid,  gives  a 
white  curdy  precipitate,  which  is  insoluble  in  nitric  acid, 
if  any  hydrochloric  acid  is  present. 

(c)  Neutralize  a  small  portion  with  ammonia,  and  add 
hydrosulphuric  acid  or  hydrosulphate  of  ammonia:  if  lead 
or  any  other  metallic  substance  is  present  (except  the  alka¬ 
lies  and  alkaline  earths),  a  precipitate  is  produced. 

Acetic  acid  is  chiefly  employed  in  the  laboratory  as  a 
solvent,  and  for  the  purpose  of  acidifying  solutions,  in 
cases  where  hydrochloric  and  nitric  acid  would  act  preju¬ 
dicially. 

704.  Alcohol. — The  alcohol  commonly  used  in  chemical 
experiments  should  have  a  specific  gravity  of  about  0.83, 
except  in  cases  where  absolute  alcohol  is  required,  when  it 
should  be  0.796.1  When  evaporated  on  glass,  it  should 


1  The  strength  of  any  sample  may  be  inferred  from  its  specific 
gravity  by  reference  to  Table  VII  in  the  Appendix. 

23 
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leave  no  residue,  and  should  not  change  the  color  of  litmus- 
paper.  It  is  used  chiefly  as  a  solvent,  and  for  the  purpose 
of  facilitating  the  precipitation  of  substances  which  are  less 
soluble  in  it  than  in  water. 

705.  Ammonia. — The  liquid  ammonia  of  the  shops  is 
generally  sufficiently  pure  for  most  purposes  of  analysis ; 
it  sometimes,  however,  contains  traces  of  carbonate,  sul¬ 
phate,  and  muriate  of  ammonia,  and  occasionally  chloride 
of  calcium.  The  carbonate  is  detected  by  adding  lime- 
water  ;  the  sulphate  by  supersaturating  with  dilute  hydro¬ 
chloric  acid,  and  testing  with  chloride  of  barium;  the  chlo¬ 
ride  of  ammonium  may  be  detected  by  supersaturating  with 
nitric  acid,  and  adding  nitrate  of  silver;  and  the  linie  (chlo¬ 
ride  of  calcium)  with  oxalate  of  ammonia. 

Ammonia  is  used  chiefly  for  the  purpose  of  neutralizing 
acid  solutions,  and  for  precipitating  metallic  oxides  from 
their  solutions,  most  of  which  are  decomposed  by  it. 

Its  specific  gravity  should  be  about  0.88  (see  Table  VI 
in  Appendix).  For  ordinary  use,  it  is  advisable  to  dilute 
it  with  an  equal  bulk  of  water. 

706.  Antimoniate  of  Potash. — This  substance  seldom  or 
never  contains  any  impurity  that  can  interfere  with  its 
action  as  a  test  for  soda,  which  is  the  only  use  to  which  it 
is  applied  in  the  laboratory.  One  part  of  the  ordinary 
antimoniate  should  be  boiled  with  twenty  parts  of  water 
and  filtered.  The  solution  must  be  kept  in  a  well-stop¬ 
pered  bottle,  and  carefully  excluded  from  the  air,  as  the 
carbonic  acid  is  liable  to  decompose  it,  and  cause  a  pre¬ 
cipitation  of  antimonic  acid.  Its  solution  should  give  a 
decided  crystalline  precipitate,  with  even  a  dilute  solution 
of  carbonate  of  soda. 

707.  Baryta  Water. — In  solution,  hydrate  of  baryta  is 
employed  in  order  to  separate  magnesia  from  the  alkalies  ; 
it  is  prepared  by  boiling  the  crystallized  hydrate  with 
about  20  parts  of  water.  The  solution  must  be  preserved 
from  contact  with  the  air,  for  the  carbonic  acid  of  the 
latter  will  precipitate  the  baryta  as  carbonate. 

The  dry  hydrate  is  used  in  the  decomposition  of  insol¬ 
uble  silicates  in  order  to  test  them  for  alkalies;  it  should 
therefore  be  free  from  these  latter,  which  may  be  ascer- 
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tained  by  dissolving  in  dilute  hydrochloric  acid,  precipi¬ 
tating  the  baryta  by  ammonia  and  carbonate  of  ammonia, 
with  the  aid  of  heat,  filtering,  evaporating  to  dryness,  and 
igniting,  when  no  residue  should  be  left. 

708.  Bichloride  of  Platinum. — Bichloride  of  platinum 
is  employed  only  as  a  test  for  potash  and  ammonia ;  it  is 
prepared  by  dissolving  scraps  of  platinum-foil  (previously 
cleaned  by  boiling  in  strong  hydrochloric  acid)  in  nitro- 
hydrochloric  acid,  and  evaporating  this  solution  at  a  mod¬ 
erate  heat  to  a  syrupy  consistence ;  it  may  be  dissolved  in 
so  much  water  that  the  solution  gives  an  immediate  crys¬ 
talline  precipitate  with  a  moderately  dilute  solution  of 
chloride  of  potassium  or  chloride  of  ammonium. 

709.  Black  Flux. — Black  flux  is  an  intimate  mixture  of 
carbonate  of  potash  and  finely  divided  charcoal,  and  is 
prepared  by  deflagrating  in  an  iron  spoon  or  crucible  a 
mixture  of  two  parts  of  bitartrate  of  potash  and  one  of 
nitre.  It  is  used  as  a  reducing  flux  in  blowpipe  experi¬ 
ments.  For  most  purposes,  an  intimate  mixture  of  eight 
parts  of  dry  carbonate  of  soda  and  one  part  of  very  finely 
powdered  wood  charcoal  will  answer  equally  well. 

710.  Borax  ( Biborate  of  Soda). — Borax  occasionally 
contains  traces  of  sulphate  and  chloride,  which  may  be 
detected  in  the  same  way  as  in  the  phosphate  of  soda.  It 
is  employed  almost  exclusively  as  a  flux  in  blowpipe  ex¬ 
periments,  for  which  purpose  it  is  admirably  adapted;  the 
second  equivalent  of  boracic  acid  which  it  contains,  exerts 
a  strong  attraction  for  bases  at  a  high  temperature,  and  is 
capable  of  displacing  several  acids  from  their  combina¬ 
tions  ;  it  also  forms  many  double  compounds  and  mixtures 
which  are  readily  fusible. 

711.  Carbonate  of  Ammonia. — The  common  carbonate 
of  ammonia  is  a  sesquicarbonate,  or  a  compound  of  the 
neutral  carbonate  and  the  bicarbonate.  When  the  neutral 
carbonate  is  required,  and  it  is  the  best  suited  for  most 
purposes  of  analysis,  it  may  be  prepared  in  solution  by 
dissolving  one  part,  by  weight,  of  the  sesquicarbonate,  in 
three  or  four  parts  of  water,  and  adding  one  part  of  liquid 
ammonia  (sp.  gr.  0.96).  It  is  frequently  employed  in 
analysis,  to  precipitate  some  of  the  metals  as  carbonates : 
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it  is  also  used  to  neutralize  acid  solutions,  and  for  other 
purposes.1 * 3 

712.  It  is  occasionally  contaminated  with  traces  of  ani¬ 
mal  oil,  chloride  of  ammonium,  sulphate  of  ammonia,  and 
oxide  of  iron. 

(a)  Heat  a  small  fragment  on  platinum-foil ;  if  any 
fixed  saline  impurity  is  present,  it  will  be  left  after  igni¬ 
tion,  and  if  any  charring  takes  place,  it  indicates  the 
presence  of  animal  matter. 

(i b )  Supersaturate  a  little  of  the  solution  with  nitric  acid, 
and  add  to  one  portion  a  few  drops  of  chloride  of  barium  ; 
a  white  precipitate,  insoluble  in  nitric  acid,  indicates  sul¬ 
phuric  acid. 

(c)  To  the  other  portion  of  the  acid  solution,  add  nitrate 
of  silver;  if  any  chloride  of  ammonium  is  present,  it  will 
cause  a  white  curdy  precipitate. 

(d)  Add  a  little  hydrosulphate  of  ammonia  to  the  solu¬ 
tion  ;  a  dark  tinge  indicates  the  presence  of  a  trace  of  iron. 

713.  Carbonate  of  Potash. — This  salt  generally  contains 
traces  of  sulphate  and  chloride,  and  occasionally  silica  and 
alumina. 

(а)  A  solution,  supersaturated  with  hydrochloric  acid, 
and  tested  with  chloride  of  barium,  gives  a  white  precipi¬ 
tate  if  any  sulphuric  acid  is  present. 

(б)  A  solution  acidified  with  nitric  acid  gives,  with 
nitrate  of  silver,  a  white  curdy  precipitate,  if  it  contains 
chloride  of  potassium. 

(c)  Neutralize  a  portion  of  the  solution  with  hydro¬ 
chloric  acid,  and  evaporate  to  dryness;  if  the  residue  does 
not  wholly  dissolve  when  treated  with  hydrochloric  acid, 
silica  is  probably  present. 

(d)  If  ammonia  causes,  in  the  hydrochloric  solution,  a 
white  gelatinous  precipitate,  alumina  is  probably  present. 

Carbonate  of  potash  is  frequently  employed  to  precipi¬ 
tate  metallic  oxides  and  carbonates  from  their  soluble  com¬ 
binations,  and  for  the  purpose  of  neutralizing  acid  solu¬ 
tions. 

1  A  saturated  solution  of  the  sesquicarbonate,  prepared  by  agita¬ 

ting  an  excess  of  the  salt  with  cold  water  (about  1  part  of  the  salt  to 

3  of  water),  is  required  for  some  purposes,  as  for  the  separation  of  tin 
and  antimony. 
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714.  Carbonate  of  Soda. — The  best  method  of  preparing 
pure  carbonate  of  soda  is  to  ignite  the  bicarbonate,  when 
the  second  equivalent  of  carbonic  acid  and  the  water  are 
expelled,  and  pure  anhydrous  carbonate  is  left.  The  salt 
of  commerce  frequently  contains  a  little  sulphate  and 
chloride,  which  may  be  detected  in  the  manner  already 
detailed  (713  a  and  b).  The  more  impure  varieties  con¬ 
tain  also  traces  of  sulphide  of  sodium,  and  sulphite  and 
hyposulphite  of  soda.  If  sulphide  of  sodium  be  present, 
hydrosulphuric  acid  (recognized  by  paper  moistened  with 
acetate  of  lead)  will  be  evolved  on  adding  hydrochloric 
acid  in  excess.  If  sulphite  of  soda  be  present,  the  acid 
solution  will  smell  of  sulphurous  acid,  and  will  evolve 
hydrosulphuric  acid  when  a  fragment  of  zinc  is  dropped 
into  it.  The  presence  of  hyposulphite  of  soda  would  cause 
the  acid  solution  to  become  turbid  when  heated,  at  the 
same  time  disengaging  sulphurous  acid. 

It  is  employed  for  the  same  purposes  as  carbonate  of 
potash  (713),  also  as  a  flux  for  the  blowpipe,  and  for  fusing 
with  insoluble  silicates,1  &c.  For  use  as  a  liquid  reagent, 
one  part  of  the  crystallized  salt  may  be  dissolved  in  three 
parts  of  water. 

715.  Chloride  of  Ammonium. — The  sal-ammoniac  of 
commerce  usually  contains  a  considerable  quantity  of  iron  ; 
and  must  therefore  be  purified,  for  analytical  purposes,  by 
crystallization.2  If  pure,  it  should  be  entirely  volatilized 
when  heated  on  platinum-foil,  and  its  solution  should  not 
give  any  precipitate  with  chloride  of  barium  or  dark 
tinge  with  hydrosulphate  of  ammonia.  One  part  of  the 
salt  should  be  dissolved  in  eight  parts  of  water. 


1  The  carbonate  of  potash  and  soda,  prepared  by  incinerating  Ro¬ 
chelle  salt  (tartrate  of  potash  and  soda)  is  generally  used  for  the  de¬ 
composition  of  silicates,  being  much  more  fusible  than  the  simple 
carbonates.  A  mixture  of  53  parts  of  dry  carbonate  of  soda  with 
69  parts  of  dry  carbonate  of  potash  will  answer  the  purpose. 

2  Dissolve  the  sal-ammoniac  of  commerce  in  about  three  parts  of 
hot  water  ;  add  to  the  solution  a  little  ammonia  and  some  freshly  pre¬ 
pared  hydrosulphate  of  ammonia  as  long  as  it  produces  a  darker 
tinge  in  the  liquid.  Set  it  aside  for  twelve  hours,  in  order  that  the 
sulphide  of  iron  may  be  deposited,  filter,  and  evaporate  the  clear  so¬ 
lution  till  it  begin  to  crystallize,  when  it  may  be  set  aside.  The  prod¬ 
uct  may  be  purified  by  again  dissolving  in  water  and  recrystallizing. 
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716.  Chloride  of  Barium. — Chloride  of  barium  some¬ 
times  contains  traces  of  iron  and  lime.  It  should  not  be 
discolored  by  hydrosulphate  of  ammonia,  and,  after  being 
treated  with  a  slight  excess  of  sulphuric  acid,  and  filtered, 
the  clear  solution  should  leave  no  fixed  residue  when  evap¬ 
orated  on  platinum-foil ;  because  the  whole  of  the  baryta 
is  separated  by  the  sulphuric  acid,  and  any  other  fixed 
matter  must  be  some  impurity. 

It  is  used  chiefly  for  the  purpose  of  testing  for  acids, 
especially  sulphuric,  with  which  it  forms  the  insoluble  sul¬ 
phate  of  baryta.  For  use,  one  part  of  the  salt  may  be 
dissolved  in  ten  parts  of  water. 

717.  Chloride  of  Calcium. — This  substance  occasionally 
contains  a  little  free  lime  or  hydrochloric  acid,  and  traces 
of  iron.  The  first  are  detected  by  test-papers,  and  the 
last,  if  present,  causes  hydrosulphate  of  ammonia  to  throw 
down  in  the  solution  a  black  precipitate,  or  to  impart  a 
greenish  tint  to  the  liquid.  As  a  reagent,  chloride  of  cal¬ 
cium  is  employed  chiefly  in  testing  for  some  of  the  organic 
acids.  It  is  also  of  great  use  in  the  laboratory  as  a  drying 
agent,  having  so  strong  an  attraction  for  water,  that  a 
moist  gas  passed  over  it  is  rapidly  and  completely  deprived 
of  its  water.  For  this  purpose  the  chloride  need  not  be 
absolutely  pure ;  it  should  not  be  fused,  but  merely  dried, 
as  the  unfused  is  more  porous,  and  consequently  offers  a 
larger  amount  of  surface  to  any  gas  passed  over  it.  A 
solution  of  crystallized  chloride  of  calcium  in  three  parts 
of  water  may  be  used  as  a  reagent. 

718.  Chromate  of  Potash. — This  salt  occasionally  con¬ 
tains  traces  of  sulphate  of  potash,  which  is  readily  detected 
by  precipitating  a  little  of  the  solution  with  chloride  of 
barium,  and  adding  an  excess  of  hydrochloric  acid,  which 
redissolves  the  chromate  of  baryta,  while  any  sulphate 
remains  insoluble. 

It  is  employed  as  a  test  for  several  of  the  metallic 
oxides,  with  many  of  which  it  forms  insoluble  salts  (chro¬ 
mates)  of  characteristic  colors,  as  the  chromate  of  lead, 
which  is  bright  yellow.  For  use  as  a  reagent  it  may  be 
dissolved  in  ten  times  its  weight  of  water.1 

1  The  bichromate  is  a  better  salt  to  keep  in  solution,  as  the  chromate 
attacks  the  glass  of  the  bottles  and  renders  it  opaque. 
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719.  Cyanide  of  Potassium. — Cyanide  of  potassium  is 
sometimes  used  in  blowpipe  experiments,  and  also  as  a 
liquid  test.  It  should  be  white,  and  entirely  soluble  in 
water. 

720.  Ferridcy ankle  of  Potassium  ( Red  Prussiate  of 
Potash). — It  occasionally  contains  traces  of  the  yellow 
prussiate,  which  is  easily  detected  by  the  solution  giving 
a  blue  precipitate  or  a  green  color  with  perchloride  of  iron 
(313).  It  is  used  as  a  test  for  the  protosalts  of  iron,  with 
which  it  forms  a  blue  precipitate  of  ferridcyanide  of  iron, 
which  is  similar  in  appearance  to  that  formed  by  ferro- 
cyanide  of  potassium  with  the  persalts.  It  may  be  dis¬ 
solved  in  ten  or  fifteen  parts  of  water. 

721.  Ferrocyanide  of  Potassium  ( Yellow  Prussiate  of 
Potash). — This  salt,  as  met  with  in  commerce,  is  sufficiently 
pure  for  the  purposes  of  testing.  It  is  employed  as  a  test 
for  the  persalts  of  iron,  with  which  it  forms  a  deep  blue 
precipitate  of  sesquiferrocyanide  of  iron,  or  Prussian  blue. 
It  gives  characteristic  precipitates,  also,  with  some  other 
metals.  For  use  as  a  reagent,  one  part  of  the  salt  may  be 
dissolved  in  fifteen  or  twenty  parts  of  water. 

722.  Hydrochloric  Acid. — This  acid,  in  the  form  met 
with  in  commerce,  is  never  pure,  usually  containing  sul¬ 
phurous  acid,  sulphuric  acid,  and  chloride  of  iron,  and 
occasionally  free  chlorine  and  chloride  of  arsenic. 

(a)  Evaporate  a  drop  or  two  on  a  piece  of  glass  :  if 
pure,  no  residue  is  left. 

(b)  Dilute  a  portion  with  four  or  five  times  its  bulk  of 
distilled  water,  and  add  a  drop  of  chloride  of  barium  :  if 
sulphuric  acid  is  present,  a  white  precipitate  is  produced. 

(c)  Add  ammonia  in  excess,  and  a  drop  of  hydrosul¬ 
phate  of  ammonia :  a  black  or  green  precipitate  indicates 
iron. 

(cZ)  Add  a  little  of  the  acid  to  water  tinged  with  sul¬ 
phate  of  indigo  :  if  it  contains  free  chlorine,  the  blue  color 
is  bleached. 

(e)  Arsenic  may  be  detected  by  Marsh’s  or  Peinsch’s 
test  (257,  267). 

(/)  Sulphurous  acid  may  be  detected  by  dissolving  a 
fragment  of  zinc  in  the  acid,  when  hydrosulphuric  acid 
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will  be  evolved,  and  may  be  recognized  by  paper  moistened 
with  acetate  of  lead  (372). 

The  uses  of  hydrochloric  acid  are  very  numerous,  espe¬ 
cially  in  analysis,  in  which  it  is  of  constant  value  as  a 
solvent  for  substances  which  are  insoluble  in  water; 
many  of  the  metals  dissolve  readily  in  it,  forming  soluble 
chlorides,  and  it  is  occasionally  used  to  precipitate  silver 
and  mercury  from  their  solutions. 

When  dilute  hydrochloric  acid  is  required,  the  strong 
acid  may  be  diluted  with  about  twice  its  bulk  of  water. 
The  strong  acid  should  have  the  specific  gravity  1.20  (see 
Table  III  in  Appendix). 

723.  Hydrofluosilicic  Acid. — In  order  to  prepare  this 
reagent,  a  mixture  of  equal  parts  of  finely  powdered  fluor 
spar  and  sand  (or  better,  powdered  glass)  is  heated  with 
six  parts  of  concentrated  sulphuric  acid  in  a  large  dry 
flask.  The  gaseous  fluoride  of  silicon  thus  evolved,  is 
conducted  through  a  dry  tube  bent  twice  at  right  angles, 
into  a  glass  filled  with  water,  but  containing  at  the  bottom 
a  sufficient  quantity  of  mercury  to  cover  the  orifice  of  the 
delivery  tube,  in  order  to  prevent  its  being  choked  by  the 
gelatinous  silica  which  is  deposited  as  soon  as  the  gas 
meets  the  water  (406).  The  solution  is  filtered  from  the 
silica  and  is  ready  for  use.  It  should  give  a  decided  crys¬ 
talline  precipitate  with  chloride  of  barium,  but  none  with 
the  chlorides  of  calcium  and  strontium. 

Hydrofluosilicic  acid  is  chiefly  employed  as  a  test  for 
baryta. 

724.  Hydrosulphate  of  Ammonia  (Sulphide  of  Ammo¬ 
nium). — Hydrosulphate  of  ammonia  is  prepared  by  pass¬ 
ing  a  stream  of  hydrosulphuric  acid  gas  (725)  through  a 
solution  of  ammonia  until  it  is  saturated.  To  ascertain 
whether  the  saturation  is  complete,  a  few  drops  may  be 
tested  with  sulphate  of  magnesia;  if  the  ammonia  is 
saturated,  this  gives  no  precipitate ;  but  if  any  free  am¬ 
monia  is  left,  is  throws  down  the  hydrate  of  magnesia. 
When  first  prepared,  the  solution  is  almost  colorless, 
but  it  gradually  becomes  yellow,  owing  to  partial  decom¬ 
position,  the  oxygen  of  the  air  combining  with  the  hy¬ 
drogen,  while  sulphur  is  set  free,  and  remains  dissolved : 
when  this  decomposition  has  taken  place,  the  addition  of 
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an  acid  causes  not  only  the  evolution  of  hydrosulphuric 
acid,  but  also  precipitates  the  dissolved  sulphur1  (379). 

Hydrosulphate  of  ammonia  is  much  used,  both  in 
qualitative  and  quantitative  analysis,  chiefly  for  the  pur¬ 
pose  of  precipitating  certain  metals  from  their  solutions, 
and  for  separating  the  metals  of  the  second  class  from  the 
alkalies  and  alkaline  earths. 


Fig.  98. 


Sulphuretted  Hydrogen  Apparatus. 


725.  Hydrosulphuric  Acid  ( Sulphuretted  Hydrogen). — 
This  reagent,  whether  required  in  the  gaseous  form  or  in 
solution,  is  always  prepared  in  the  laboratory.  Fragments 
of  sulphide  (sulphuret)  of  iron  are  placed  in  a  bottle  (Fig. 
98),  together  with  three  or  four  ounces  of  water ;  a  little 
strong  sulphuric  acid  is  then  added,  which  disengages  the 
gas,  sulphate  of  iron  being  produced.  The  gas  thus  form¬ 
ed  is  passed  through  water  contained  in  the  second  bottle, 
for  the  purpose  of  purifying  it  from  any  sulphuric  acid 
and  iron  that  may  have  been  carried  over  mechanically, 
and  is  then  conducted,  by  the  bent  tube,/,  into  a  bottle  of 
distilled  water,  when  an  aqueous  solution  of  the  gas  is  re¬ 
quired,  or  into  a  glass  containing  any  solution  which  it  is 
intended  to  act  upon. 

It  must  be  borne  in  mind  when  experimenting  with  this 
gas,  that  it  is  not  only  highly  offensive,  but  poisonous,  and 
induces  headache  and  nausea  even  when  largely  diluted 

1  Very  yellow  hydrosulphate  of  ammonia  is  unfit  for  use,  on  ac¬ 
count  of  the  ease  with  which  it  deposits  sulphur,  even  on  dilution. 
When  too  yellow  for  use,  it  gives  a  red  (instead  of  black)  precipitate 
with  acetate  of  lead. 
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with  air :  on  this  account  it  should  be  prepared  either 
near  a  ventilating  flue,  or  in  the  open  air,  never  in  a  close 
room. 

In  most  cases  of  mere  testing,  the  aqueous  solution  is 
the  most  convenient  form  in  which  to  apply  it.  The  water 
should  be  saturated  with  the  gas,  of  which  it  is  capable  of 
retaining  in  solution  about  two  or  three  times  its  volume; 
this  may  be  judged  of  by  its  strong  disagreeable  smell, 
resembling  that  of  rotten  eggs,  and  by  its  giving  a  copious 
white  precipitate  of  sulphur  when  treated  with  perchloride 
of  iron  (308).  It  should  also  be  tested  for  iron,  which  it 
sometimes  contains  when  carelessly  prepared  :  if  such  is  the 
case,  it  becomes  dark-colored  on  the  addition  of  ammonia, 
owing  to  the  formation  of  sulphide  of  iron.  The  solution 
should  not  be  kept  long,  as  it  is  liable  to  decompose,  un¬ 
less  carefully  closed  from  the  air,  the  oxygen  of  which 
combines  with  the  hydrogen  to  form  water,  while  sulphur 
is  deposited.1 

When  it  is  required  to  precipitate,  by  hydrosulphuric 
acid,  the  whole  of  any  metal  in  a  solution,  it  is  often  neces¬ 
sary  to  pass  the  gas  at  once  into  it ;  and  this  should  be 
continued  until  the  liquid  is  saturated,  which  is  known 
by  removing  the  gas-delivering  tube,  and  blowing  away 
the  superincumbent  air  :  when,  if  it  smells  distinctly  of 
the  gas,  the  solution  may  be  considered  saturated,  and 
the  whole  of  the  metal  must  have  been  converted  into 
sulphide. 

Thq  important  uses  to  which  hydrosulphuric  acid  is 
applied,  render  it  of  great  value  in  many  processes  of  anal¬ 
ysis.  It  precipitates  many  of  the  metals  from  their  solu¬ 
tions  as  insoluble  sulphides ;  and  is  one  of  the  reagents 
employed  in  determining  the  class  to  which  an  unknown 
metal  in  solution  belongs.  It  is  also  extensively  used  in 
quantitative  analysis,  on  account  of  the  perfect  manner  in 
which  it  separates  the  whole  of  many  of  the  metals  from 
their  solutions.  Hydrosulphuric  acid  is  also  sometimes 
useful  as  a  deoxidizing  agent,  reducing  metallic  oxides  in 


1  In  order  to  keep  it  as  long  as  possible,  the  stopper  should  be 
greased,  and  the  bottle  kept  inverted.  When  it  is  decomposed,  the 
same  (and  not  fresh)  water  should  be  again  saturated  with  the  gas, 
since  all  the  free  oxj’gen  dissolved  in  it  has  been  consumed. 
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solution  to  a  lower  degree  of  oxidation,  as  the  peroxide  of 
iron  to  the  protoxide ;  this  property  is  owing  to  the  facility 
with  which  it  is  decomposed,  yielding  up  its  hydrogen  to 
the  oxygen  of  the  oxide,  while  the  sulphur  is  usually  set 
free  (308). 

726.  Iodide  of  Potassium. — Iodide  of  potassium  is  often 
adulterated  with  carbonate  of  potash ;  sulphate  of  potash 
and  chloride  of  potassium  are  also  often  present.  It  should 
always  be  in  the  form  of  well-defined  (cubical)  crystals,  as 
the  adulterated  varieties  are  readily  distinguishable  by  their 
imperfect  crystalline  form. 

(а)  Add  a  little  dilute  hydrochloric  acid  ;  if  efferves¬ 
cence  takes  place,  some  carbonate  is  present. 

(б)  If  sulphates  are  present,  they  may  be  detected  by 
adding  chloride  of  barium,  which  will,  in  that  case,  cause 
a  white  precipitate,  insoluble  in  hydrochloric  acid. 

(c)  Add  a  little  nitrate  of  silver :  this  will  cause  a  pale 
yellow  precipitate  of  iodide  of  silver,  together  with  chlo¬ 
ride  of  silver,  in  case  any  soluble  chloride  is  present.  To 
separate  them,  filter  the  mixture,  and  after  washing  the 
precipitate,  treat  it  with  a  slight  excess  of  ammonia,  which 
dissolves  the  chloride,  and  leaves  the  iodide  undissolved ; 
on  neutralizing  the  ammoniacal  solution  with  nitric  acid, 
the  appearance  of  a  white  curdy  precipitate  indicates  the 
presence  of  a  chloride. 

Iodide  of  potassium  is  employed  chiefly  as  a  test  for 
lead,  mercury,  and  occasionally  some  of  the  other  metals. 
For  use  as  a  reagent,  one  part  of  the  salt  may  be  dissolved 
in  twenty  parts  of  water. 

727.  Lime-water. — This  reagent  is  prepared  by  digest¬ 
ing  hydrate  of  lime  in  cold  distilled  water  for  an  hour  or 
two,  stirring  the  mixture  occasionally,  and  when  the  un¬ 
dissolved  portion  of  the  lime  has  subsided,  pouring  off  the 
clear  solution.  As  it  is  liable  to  spoil  when  exposed  to  the 
air,  owing  to  the  absorption  of  carbonic  acid,  it  should  be 
kept  in  a  well-stoppered  bottle. 

Lime-water  should  be  sufficiently  strong  to  turn  the 
yellow  color  of  turmeric  instantly  and  decidedly  brown : 
and,  when  tested  with  carbonate  of  soda,  should  throw 
down  a  copious  white  precipitate  of  carbonate  of  lime.  It  is 
used  as  a  test  for  carbonic  acid  and  some  of  the  organic  acids. 
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728.  Nitrate  of  Baryta. — Nitrate  of  baryta  is  liable  to 
the  same  impurities  as  chloride  of  barium  (716),  and  they 
may  be  detected  in  the  same  way.  It  should  also  be  free 
from  any  chloride,  which  may  be  known  by  adding  nitrate 
of  silver.  Its  uses  are  the  same  as  those  of  chloride  of 
barium,  for  which  it  is  occasionally  substituted  in  cases 
when  the  addition  of  the  chloride  would  interfere  with  the 
subsequent  stages  of  an  analysis,  as  when  we  have  to  test 
for  chlorides  in  the  same  solution.  For  use,  it  may  be  dis¬ 
solved  in  ten  parts  of  water. 

Nitrate  of  baryta  is  also  employed  in  the  examination  of 
insoluble  substances  for  alkalies.  It  should  be  tested  for 
these  in  the  same  manner  as  hydrate  of  baryta  (707). 

729.  Nitrate  of  Cobalt. — This  reagent  is  used  chiefly  for 
the  detection  of  alumina,  zinc,  magnesia,  and  some  other 
substances,  by  means  of  the  blowpipe.  The  solution  em¬ 
ployed  for  this  purpose  may  contain  one  part  of  the  salt 
dissolved  in  ten  of  water.  It  should  be  kept  in  a  small 
bottle  furnished  with  a  cork  and  dropping-tube. 

730.  Nitrate  of  Potash. — Nitrate  of  potash  often  con¬ 
tains  traces  of  sulphate  and  chloride,  and  occasionally 
nitrates  of  soda  and  lime. 

(a  and  b )  The  sulphate  and  chloride  may  be  detected 
with  chloride  of  barium  and  nitrate  of  silver. 

(c)  If  lime  be  present,  it  causes  a  precipitate  when  the 
solution  is  treated  with  oxalate  of  ammonia. 

(d)  The  presence  of  nitrate  of  soda  causes  the  salt  to  im¬ 
part  a  yellow  color  to  flame. 

It  is  used  almost  exclusively  in  the  dry  state,  for  the 
purpose  of  oxidizing  substances  which  resist  other  methods 
of  oxidation  ;  this  property  is  owing  to  the  oxygen  of  the 
nitric  acid  being  loosely  combined,  and  at  a  high  temper¬ 
ature  readily  yielded  up  to  any  substance  which  has  a 
strong  attraction  for  it,  such  as  sulphides,  organic  mat¬ 
ters,  &c. 

731.  Nitrate  of  Silver. — This  reagent  is  sometimes  adul¬ 
terated  with  nitrate  of  potash,  and  occasionally  contains 
traces  of  copper  and  lead.  When  precipitated  by  a  slight 
excess  of  hydrochloric  acid,  the  filtered  solution  ought  to 
leave  no  fixed  residue  when  evaporated  on  platinum-foil,  as 
the  whole  of  the  silver  would  be  thrown  down,  and  any 
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impurity  would  remain  in  solution.  Copper  is  detected 
by  adding  ammonia  in  excess  to  the  solution,  when  it  will 
give  the  liquid  a  blue  tinge.  Nitrate  of  silver  is  used 
chiefly  as  a  test  for  chlorine  (chlorides  and  hydrochloric 
acid),  and  also  for  phosphoric  and  some  of  the  other  acids. 
For  use  as  a  reagent,  one  part  of  the  salt  may  be  dissolved 
in  twenty  parts  of  water. 

732.  The  ammonio-nitrate  of  silver,  used  as  a  test  for 
arsenic,  is  prepared  by  adding  ammonia  to  a  solution  of 
the  nitrate,  until  the  precipitate  at  first  thrown  down  is 
just  redissolved. 

733.  Nitric  Acid. — Nitric  acid,  as  met  with  in  commerce, 
usually  contains  sulphuric  and  hydrochloric  acids,  and  oc¬ 
casionally  a  little  fixed  saline  matter.  If  it  be  red  or  yel¬ 
low,  it  contains  nitrous  acid,  which  does  not  interfere  with 
its  ordinary  uses  in  the  course  of  analysis.1 

(а)  The  saline  matter  may  be  detected  by  evaporating  a 
few  drops  on  a  slip  of  glass,  when  any  fixed  impurities  will 
be  left. 

Dilute  a  little  of  the  acid  with  water,  and  divide  it  into 
two  portions. 

(б)  To  the  first,  add  chloride  of  barium :  if  a  white  pre¬ 
cipitate  is  produced,  sulphuric  acid  is  present  (87). 

(c)  To  the  other,  add  nitrate  of  silver  :  a  white  precip¬ 
itate,  soluble  in  ammonia,  indicates  hydrochloric  acid. 

Nitric  acid  is  used  chiefly  as  a  solvent  for  substances 
which  are  insoluble  in  water,  especially  for  some  of  the 
metals,  which  it  readily  oxidizes,  and  converts  into  ni¬ 
trates,  nearly  all  of  which  are  soluble  in  water.  It  is 
also  frequently  employed  to  raise  compounds  to  a  higher 
state  of  oxidation,  as  in  converting  the  protoxide  of  iron 
into  the  peroxide. 

When  dilute  nitric  acid  is  required,  it  may  be  prepared 
by  mixing  one  part  of  the  strong  acid  with  two  parts  of 
distilled  water.  The  specific  gravity  of  the  strong  acid 
should  be  1.42  (see  Table  II  in  Appendix). 

734.  Nitrohydrochloric  Acid  ( Aqua  Regia). — This  is 
always  prepared  when  required,  by  mixing  together  strong 

1  Iodic  acid  is  occasionally  present  in  nitric  acid,  and  may  be  de¬ 
tected  in  the  residue  after  evaporating  to  dryness,  by  adding  starch 
and  a  little  sulphurous  acid,  which  will  give  a  blue  color. 
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nitric  and  hydrochloric  acids,  usually  in  the  proportion  of 
one  part  of  nitric  to  four  of  hydrochloric.  Its  chief  uses 
depend  on  its  intense  oxidizing  or  chlorinizing  properties, 
whereby  the  most  refractory  metals,  some  of  which  resist 
the  action  of  all  other  acids,  are  brought  into  solution. 

735.  Oxalate  of  Ammonia. — This  salt,  as  met  with  in 
the  shops,  is  sufficiently  pure  for  all  purposes  of  analysis. 
Like  oxalic  acid,  it  is  employed  chiefly  for  the  purpose  of 
precipitating  lime  from  its  solutions;  for  this  purpose,  it 
may  be  dissolved  in  about  six  times  its  weight  of  water. 

736.  Oxalic  Acid. — Oxalic  acid  occasionally  contains 
traces  of  nitric  acid  (which  causes  it  to  deliquesce  in  damp 
air,  and  to  have  a  slightly  acid  smell),  and  also  fixed  saline 
matter. 

(а)  The  former  may  be  detected  by  sulphate  of  iron 
(367). 

(б)  The  latter  is  left  as  a  fixed  residue  after  ignition  on 
platinum-foil. 

It  may  be  easily  purified  by  recrystallization. 

The  chief  use  to  which  oxalic  acid  is  applied  in  analysis, 
is  to  precipitate  lime  from  its  solutions.  For  use  as  a  test, 
one  part  of  the  crystallized  acid  may  be  dissolved  in  ten 
parts  of  water. 

737.  Perchloride  of  Iron. — This  salt  is  liable  to  contain 
a  little  free  acid,  and  traces  of  the  protochloride.  The  free 
acid  is  detected  by  adding  a  very  little  ammonia,  when  the 
first  precipitate  will  disappear  on  shaking,  if  free  acid  be 
present.  If  any  protosalt  of  iron  is  present,  the  solution 
gives  a  blue  color  with  ferridcyanide  of  potassium.  It  is 
used  as  a  test  for  some  of  the  organic  acids,  and  is  also 
sometimes  useful  in  the  determination  of  phosphoric  acid. 
It  may  be  dissolved  in  five  parts  of  water.1 

738.  Perchloride  of  Mercury. — This  is  occasionally  em¬ 
ployed  as  a  test  for  tin,  for  liydriodic  and  some  other 
acids,  and  also  for  some  kinds  of  organic  matter :  it  may 
be  dissolved  in  twenty  parts  of  water. 

739.  Phosphate  of  Soda. — This  salt  sometimes  contains 
a  little  sulphate  and  chloride.  To  detect  these  impurities, 
add  to  one  portion,  in  solution,  chloride  of  barium,  and  to 


1  It  is  usually  purchased  in  the  form  of  solution. 


REAGENTS. 


279 


the  other  nitrate  of  silver,  and  supersaturate  both  with 
nitric  acid ;  if  the  precipitate  does  not  entirely  dissolve  in 
either  case,  a  sulphate  or  chloride  is  present. 

It  is  employed  chiefly  as  a  test  for  magnesia,  with  which 
it  forms,  in  the  presence  of  ammoniacal  salts,  the  double 
phosphate  of  magnesia  and  ammonia.  For  the  purposes 
of  testing,  it  may  be  dissolved  in  ten  parts  of  water. 

740.  Phosphate  of  Soda  and  Ammonia  ( Mierocosmie 
Salt). — This  salt  occasionally  contains  traces  of  chloride  of 
sodium,  which  may  readily  be  detected  by  adding  a  few 
drops  of  nitrate  of  silver  to  a  solution  of  the  salt,  acidified 
with  nitric  acid,  when  a  curdy  white  precipitate  indicates 
the  presence  of  the  chloride. 

Mierocosmie  salt  is  used  almost  exclusively  in  blowpipe 
experiments;  when  heated,  it  is  decomposed,  the  ammonia 
and  water  are  expelled,  and  metaphosphate  of  soda  is  left. 

741.  Potash. — On  account  of  its  strong  attraction  for 
many  substances,  caustic  potash  is  rarely  found  free  from 
impurities.  Those  most  commonly  met  with  are  organic 
matter,  sulphate  and  carbonate  of  potash,  chloride  of  po¬ 
tassium,  silicic  acid,  alumina,  and  oxide  of  lead.1 

(а)  If  organic  matter  is  present,  the  solution  of  potash 
is  more  or  less  brown,  and,  on  evaporation,  leaves  a  brown 
residue. 

(б)  Sulphuric  acid  is  detected  by  diluting  the  potash 
with  water,  supersaturating  with  nitric  or  hydrochloric 
acid,  and  adding  chloride  of  barium,  when,  if  it  is  present, 
the  white  insoluble  sulphate  is  thrown  down. 

(c)  If  carbonic  acid  is  present,  it  causes  effervescence 
when  the  solution  is  supersaturated  with  hydrochloric 
acid. 

(d)  A  little  of  the  diluted  solution  is  supersaturated 
with  nitric  acid,  and  tested  with  nitrate  of  silver:  a  white 
curdy  precipitate,  soluble  in  ammonia,  indicates  chloride  of 
potassium. 

(e)  Neutralize  a  small  portion  with  hydrochloric  acid, 


1  When  potash  is  kept  in  flint-glass  bottles,  it  dissolves  oxide  of 
lead  from  the  glass.  German  or  green  glass  bottles  are  preferable. 
Nitrate  of  potash  is  sometimes  present  in  the  fused  potash  of  com¬ 
merce. 
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and  evaporate  to  dryness :  if  the  residue  is  not  wholly 
soluble  in  hydrochloric  acid,  silica  is  probably  present. 

(/)  If  alumina  is  present,  it  will  be  precipitated  when 
the  hydrochloric  solution  from  (e)  is  treated  with  a  slight 
excess  of  ammonia. 

(g)  If  lead  be  present,  the  potash  will  give  a  dark  pre¬ 
cipitate  or  coloration  with  hydrosulphate  of  ammonia. 

Potash  is  used  chiefly  for  the  purpose  of  precipitating 
some  of  the  metallic  oxides  from  their  saline  solutions, 
which  it  does  on  account  of  its  strong  attraction  for  the 
acids  with  which  they  were  in  combination.  It  is  em¬ 
ployed  also  for  neutralizing  acid  solutions,  decomposing 
organic  compounds,  and  many  other  purposes.  A  solu¬ 
tion  of  potash  having  a  specific  gravity  of  about  1060 
(about  one  part  of  the  solid  hydrate  dissolved  in  eight 
parts  of  water)  is  of  convenient  strength  for  most  analyt¬ 
ical  purposes.  (See  Table  in  Appendix.) 

742.  Protochloride  of  Tin. — Protochloride  of  tin  is  pre¬ 
pared  by  boiling  metallic  tin  in  strong  hydrochloric  acid, 
care  being  taken  that  a  portion  of  the  metal  remains  un¬ 
dissolved,  as  otherwise  a  little  perchloride  might  be  formed; 
the  solution  is  then  diluted  with  about  four  times  its  bulk 
of  water.  A  few  fragments  of  metallic  tin  should  be  kept 
in  the  solution,  in  order  to  prevent  the  formation  of  any 
perchloride. 

Protochloride  of  tin  is  employed  chiefly  as  a  test  for 
gold  and  mercury,  and  also  as  a  dechlorinizing  agent,  for 
which  purpose  it  is  Avell  adapted  on  account  of  its  strong 
tendency  to  combine  with  chlorine. 

It  occasionally  contains  traces  of  lead  and  iron,  which 
may  be  detected  by  adding  yellow  hydrosulphate  of  am¬ 
monia  in  excess  to  the  solution  and  applying  heat,  when, 
if  pure,  the  precipitate  is  wholly  redissolved,  but  if  either 
of  those  metals  is  present,  a  black  residue  is  left,  since 
their  sulphides  are  insoluble  in  the  hydrosulphate. 

743.  Solution  of  Starch. — This  is  made  by  mixing  50 
grains  of  white  starch  with  an  ounce  of  water  in  a  mortar, 
and  pouring  the  mixture  by  degrees  into  five  ounces  of 
boiling  water,  with  constant  stirring.  It  is  employed  as  a 
test  for  iodine,  for  which  purpose  small  pieces  of  thread  or 
paper  may  be  steeped  in  the  solution,  dried,  and  kept  for  use. 
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744.  Sulphate  of  Copper. — This  salt  is  occasionally  used 
as  a  test  for  arsenic,  and  for  other  purposes :  it  may  be  dis¬ 
solved  in  ten  parts  of  water.  The  ammonio-sulphate  of  cop¬ 
per,  which  is  also  used  in  testing  for  arsenic,  is  prepared  by 
adding  ammonia  to  the  solution  of  sulphate  of  copper,  until 
the  precipitate  at  first  formed  is  nearly  all  redissolved,  when 
the  solution  is  filtered,  and  kept  for  use. 

745.  Sulphate  of  Iron. — It  is  advisable  to  preserve  this 
salt  in  the  solid  state,  since  its  solution  absorbs  oxygen 
readily  from  the  air ;  it  is  employed  chiefly  in  testing  for 
nitric  and  hydrocyanic  acids. 

746.  Sulphate  of  Lime. — Sulphate  of  lime  being  very 
sparingly  soluble  in  water,  is  always  used  in  the  form  of 
a  saturated  solution,  which  is  prepared  by  digesting  the 
sulphate  in  hot  water,  stirring  it  occasionally,  and  filter¬ 
ing  off  the  clear  solution  from  the  undissolved  portion.  It 
is  used  chiefly  for  distinguishing  baryta  from  strontia. 
The  solution  ought  to  give  an  immediate  precipitate  of 
sulphate  of  baryta,  when  tested  with  chloride  of  barium. 

747.  Sulphate  of  Magnesia. — This  salt  is  employed  as 
a  test  for  phosphoric  acid ;  a  cold  saturated  solution  is  con¬ 
venient  for  this  purpose.  It  must  not  give  any  precipitate 
with  ammonia  in  presence  of  chloride  of  ammonium,  even 
on  standing. 

748.  Sulphate  of  Manganese. — A  solution  of  this  salt  is 
employed  in  testing  for  hypochlorites. 

749.  Sulphide  of  Ammonium;  see  Hydrosidphate  of  Am¬ 
monia. 

750.  Sulphindigotic  Acid. — This  substance  may  be  pre¬ 
pared  in  solution,  by  dissolving  a  little  indigo  in  strong 
sulphuric  acid,  and  diluting  the  acid  solution  with  water, 
so  as  to  form  a  pale  blue  liquid.  It  is  used  chiefly  as  a 
test  for  nitric  acid  and  chlorine,  by  which  it  is  decom¬ 
posed,  and  its  color  discharged. 

751.  Sulphur  should  be  tested  by  gently  heating  about 
ten  grains  in  an  open  porcelain  crucible,  when  no  residue 
should  be  left  after  the  combustion  of  the  sulphur. 

752.  Sulphuric  Acid} — Sulphuric  acid,  as  found  in  com- 

1  The  strength  of  the  acid  is  indicated  by  its  specific  gravity,  which 
should  be  about  1.84.  (See  Appendix,  Table  1.) 
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merce,  is  never  pure.  The  most  common  impurities  are 
sulphate  of  lead,  nitric  acid,  or  binoxide  of  nitrogen,  and 
occasionally  arsenic,  and  saline  matters. 

(a)  If  it  contains  the  first,  it  will  become  turbid  when 
diluted  with  four  or  five  times  its  bulk  of  water,  owing  to 
the  sulphate  of  lead,  which  is  soluble  in  the  strong  acid, 
being  insoluble  in  the  dilute. 

( b )  Nitric  acid,  or  the  binoxide  of  nitrogen,  is  detected  by 
boiling  a  small  portion  tinged  with  a  solution  of  sulphate 
of  indigo,  when,  if  nitric  acid  is  present,  the  blue  color  will 
disappear.1 

(c)  Arsenic  may  be  detected  by  Marsh’s  test  (257). 

(d)  Any  fixed  saline  impurity  remains  as  a  residue  when 
a  few  drops  of  the  acid  are  evaporated  on  platinum-foil. 

753.  The  uses  of  sulphuric  acid  are  very  numerous. 
Besides  being  employed  extensively  in  many  branches  of 
manufacture,  it  is  used  in  the  laboratory  as  a  powerful  de¬ 
composing  agent ;  owing  to  its  strong  attraction  for  bases, 
nearly  all  saline  compounds  are  decomposed  by  it,  and  its 
solvent  powers  are  also  very  great.  It  is  often  employed 
for  the  purpose  of  decomposing  organic  matter ;  also  in  the 
preparation  of  hydrogen,  hydrosulphuric  acid,  and  other 
gases;  as  a  test  for  certain  metals,  and  for  many  other  pur¬ 
poses. 

754.  When  dilute  sulphuric  acid  is  required,  it  is  ‘pre¬ 
pared  by  mixing  together  in  a  beaker,  one  part  of  the 
strong  acid  with  four  parts  of  distilled  water,  always  add¬ 
ing  the  acid  to  the  water ,  which  should  be  kept  constantly 
stirred,  and  allowing  the  precipitated  sulphate  of  lead  (if 
any)  to  subside,  after  which  the  clear  liquid  may  be  poured 
off. 

755.  Tartaric  Acid. — Tartaric  acid  sometimes  contains 
a  trace  of  lime  and  sulphuric  acid,  but  is  usually  sufficiently 
pure  for  analytical  purposes.  The  lime  may  be  detected 
by  neutralizing  a  portion  with  ammonia,  and  adding  oxa¬ 
late  of  ammonia;  and  the  sulphuric  acid  by  chloride  of 
barium. 

Tartaric  acid  is  used  as  a  test  for  potash,  with  which  it 

1  A  more  delicate  test  consists  in  pouring  the  acid  slowly  down  to 
the  bottom  of  a  test-tube  containing  solution  of  sulphate  of  iron  (367). 
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forms  a  sparingly  soluble  bitartrate.  Its  property  of  pre¬ 
venting  the  precipitation  of  iron  and  some  other  metals  by 
the  alkalies  (448)  is  occasionally  made  available  in  analysis. 
It  should  be  kept  in  a  solid  state,  and  a  solution  made 
when  required,  as  when  kept  in  solution  it  soon  becomes 
mouldy;1  for  this  purpose  the  crystallized  acid  may  be  dis¬ 
solved  in  about  three  times  its  weight  of  water. 

756.  Water. — Pure  distilled  water  is  prepared  by  care¬ 
fully  distilling  any  of  the  common  kinds  of  water  either  in 
a  still  or  retort,  rejecting  the  first  and  last  portions  (67). 
For  many  purposes,  rain-water,  when  collected  at  a  dis¬ 
tance  from  towns  or  manufactories,  and  boiled  and  filtered, 
will  be  found  sufficiently  pure ;  but  in  analytical  experi¬ 
ments,  distilled  water  ought  always  to  be  used. 

757.  Before  taking  it  into  use,  it  should  be  tested  with 
the  following  reagents : 

(a)  Litmus  and  turmeric  paper,  for  free  acids  and  alka¬ 
lies. 

(b)  Chloride  of  barium  for  sulphates. 

(c)  Nitrate  of  silver  for  chlorides.  The  mixture  shortly 
becomes  dark-colored,  if  organic  matter  is  present. 

(d)  Oxalate  of  ammonia  for  lime. 

(e)  Lime-water  for  carbonic  acid. 

(/)  Hydrosulphate  of  ammonia  for  any  metals  of  the 
first  or  second  class. 

( g )  When  heated  on  a  slip  of  glass  it  should  leave  the 
very  slightest  trace  of  solid  residue. 

758.  Zinc. — In  order  to  granulate  it,  scrap  zinc  is  melted 
in  an  iron  ladle,  and  poured  from  a  height  of  eight  or  ten 
feet,  in  a  slender  stream,  into  a  pail  of  water.  It  is  liable 
to  contain  a  little  antimony  and  arsenic,  which  may  be  de¬ 
tected  by  Marsh’s  test  (257). 

The  black  scales  which  are  left  when  commercial  zinc  is 
dissolved  in  dilute  sulphuric  or  hydrochloric  acid  consist  of 
lead  ;  and  a  little  tm  may  sometimes  be  detected  in  the  hy¬ 
drochloric  solution  by  perchloride  of  mercury  (230) ;  these 
impurities,  however,  do  not  interfere  with  the  common  use 
of  zinc  for  evolving  hydrogen. 

1  This  may  he  prevented  by  adding  a  very  minute  quantity  of  car¬ 
bolic  acid,  which  does  not  interfere  with  the  uses  of  tartaric  acid  in 
analysis. 
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759.  For  the  benefit  of  analysts  who  may  be  situated 
at  a  distance  from  towns  where  the  necessary  reagents  can 
be  purchased,  a  few  suggestions  are  here  offered  as  to  the 
readiest  methods  of  supplying  the  deficiency  from  sources 
which  arc  generally  available. 

The  primary  chemicals,  as  they  may  be  styled,  with 
which  it  is  indispensable  that  the  analyst  should  be  sup¬ 
plied,  are — 

Sulphuric  Acid  (Vitriol). 

Carbonate  of  Soda  (Washing  Soda). 

Chloride  of  Sodium  (Common  Salt). 

Nitrate  of  Potash  (Saltpetre). 

Sulphur  (Brimstone). 

Ammonia  (Hartshorn). 

Lime. 

Biborate  of  Soda  (Borax). 

Ferrocyanide  of  Potassium  (Prussiate  of  Potash). 

Carbonate  or  Sulphate  of  Baryta  (Heavy  Spar, 
Barytes). 

Sulphate  of  Magnesia  (Epsom  Salts). 

Litmus  (Archil). 

With  the  aid  of  these,  and  of  such  common  materials  as 
can  be  everywhere  procured,  all  the  reagents  absolutely 
necessary  for  qualitative  analysis  can  be  improvised.  These 
follow  in  alphabetical  order. 

Acetate  of  Lead  (sugar  of  lead)  may  be  made  by  leaving 
scraps  of  lead  (or  shot)  in  an  open  bottle,  partly  covered 
with  vinegar,  until  the  latter  is  distinctly  sweet,  when 
water  may  be  added,  and  the  solution  filtered. 

Acetic  Acid,  by  distilling  common  vinegar.  Even  vin¬ 
egar  itself  might,  on  an  emergency,  be  used  instead  of 
acetic  acid,  especially  after  boiling  with  a  little  wood  char¬ 
coal,  and  filtering. 

Ammonia. — The  most  portable  form  for  this  reagent  is 
sal-ammoniac,  from  which  it  may  be  prepared  by  (79). 


METHODS  OF  IMPROVISING  REAGENTS.  285 


Common  smelling  salts  (Preston  salts,  carbonate  of  am¬ 
monia)  might  be  substituted  for  the  sal-ammoniac. 

Antimoniate  of  Potash  may  be  prepared  by  adding  pow¬ 
dered  antimony  (or  crude  antimony)  to  nitre  melted  in  a 
crucible  as  long  as  brisk  deflagration  ensues.  The  solution 
is  then  prepared  from  this  mass  as  in  (706). 

It  may  also  be  prepared  by  dissolving  antimony  or  crude 
antimony  in  a  mixture  of  four  measures  of  hydrochloric 
and  one  measure  of  nitric  acid,  adding  a  large  excess  of 
potash,  boiling,  and  filtering. 

Baryta. — To  prepare  the  hydrate  of  baryta,  powdered 
chloride  of  barium  may  be  added  to  a  strong  boiling  solu¬ 
tion  of  (caustic)  potash  or  soda,  and  the  solution  filtered 
while  hot;  on  cooling  it  will  deposit  crystals  of  hydrate  of 
baryta,  which  may  be  purified  by  recrystallization.  Or 
the  carbonate  of  baryta  (or  sulphate  of  baryta  after  calci¬ 
nation  with  charcoal)  may  be  dissolved  in  dilute  nitric 
acid,  the  solution  evaporated,  and  the  residue  of  nitrate  of 
baryta  calcined  in  a  crucible  or  iron  pot ;  anhydrous  baryta 
is  left,  which  becomes  hydrate  in  contact  with  water. 

Carbonate  of  Ammonia. — Common  smelling  salts  may  be 
employed.  Or  if  sal-ammoniac  and  carbonate  of  soda  be 
distilled  with  a  little  water,  a  solution  of  carbonate  of  am¬ 
monia  would  be  obtained.  Putrefied  urine  is  an  excellent 
source  from  which  to  distil  carbonate  of  ammonia. 

Chloride  of  ammonium  (sal-ammoniac),  by  neutralizing 
hydrochloric  acid  with  ammonia  or  carbonate  of  ammonia. 

Chloride  of  barium  may  be  prepared  from  the  carbonate 
(witherite)  or  from  the  sulphate  (heavy  spar),  both  of  which 
are  used  by  color  makers  and  others  under  the  name  of 
barytes.  From  the  former  the  chloride  of  barium  is  made 
by  dissolving  in  dilute  hydrochloric  acid  and  crystallizing. 
The  sulphate  of  baryta  is  mixed  with  one-fourth  its  weight 
of  charcoal  and  enough  oil  to  form  a  paste ;  strongly  cal¬ 
cined  in  a  closed  crucible,  and  the  resulting  sulphide  of 
barium  dissolved  in  hydrochloric  acid,  filtered,  and  crystal¬ 
lized.1 


1  Or  the  sulphate  of  baryta  may  be  mixed  with  two  parts  of  dry 
carbonate  of  soda,  two  parts  of  charcoal,  and  twelve  parts  of  dry  salt¬ 
petre.  The  mixture  is  kindled  on  an  iron  plate,  allowed  to  burn  out, 
and  the  fused  mass  treated  with  boiling  water.  Carbonate  of  baryta 
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Chloride  of  Calcium  is  prepared  by  neutralizing  dilute 
hydrochloric  acid  with  chalk. 

Cyanide  of  Potassium  is  made  by  fusing  eight  parts  of 
well-dried  ferrocyanide  of  potassium  with  three  parts  of 
dry  carbonate  of  potash  in  a  covered  crucible  till  a  drop 
on  the  end  of  an  iron  rod  is  white,  or  nearly  so,  on  cooling. 

Hydrochloric  Acid  (muriatic  acid)  would  be  prepared  by 
distilling  common  salt  with  sulphuric  acid  (76). 

Hydrosulphate  of  Ammonia  may  be  made  with  hydro- 
sulphuric  acid  and  ammonia  (724). 

Hydrosulphuric  Acid. — The  sulphide  of  iron  required 
for  its  preparation  is  made  by  throwing  a  mixture  of  10 
parts  of  iron  filings  with  7  parts  of  sulphur,  by  small  por¬ 
tions  at  a  time,  into  a  red-hot  crucible.  The  hydrosul- 
phuric  acid  is  then  prepared  according  to  (725).  • 

If  crude  antimony  ore  (tersulphide  of  antimony)  is  pro¬ 
curable,  hydrosulphuric  acid  may  be  prepared  from  it  by 
heating  with  hydrochloric  acid  in  a  flask,  the  gas  being 
washed  by  passing  through  water. 

A  mixture  of  equal  weights  of  sulphur  and  tallow,  gently 
heated,  will  also  evolve  hydrosulphuric  acid. 

Powdered  galena  (sulphuret  of  lead,  lead  ore)  heated 
with  strong  hydrochloric  acid,  will  also  furnish  hydrosul¬ 
phuric  acid. 

Lime  (quick-lime)  is  easily  procurable  by  calcining  egg¬ 
shells,  oyster-shells,  chalk,  or  marble,  in  a  strong  fire. 

Nitrate  of  Silver  (lunar  caustic)  is  obtained  by  dissolving 
ordinary  silver  in  nitric  acid,  evaporating  to  dryness  in  a 
dish,  heating  moderately  for  some  time  till  the  (blue) 
nitrate  of  copper  is  converted  into  (black)  oxide,  dissolving 
in  water,  and  filtering. 

Nitric  Acid  (aqua  fortis),  by  distilling  saltpetre  with  sul¬ 
phuric  acid  (84). 

Oxalate  of  Ammonia  is  prepared  by  neutralizing  oxalic 
acid  with  ammonia  or  carbonate  of  ammonia.  The  acid 
is  obtained  by  dissolving  one  part  of  sugar  in  eight  parts 
of  ordinary  nitric  acid  and  evaporating  gently  to  crystal¬ 
lization. 


is  left,  which  may  be  washed  thoroughly  and  dissolved  in  dilute  hy¬ 
drochloric  acid. 
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Perchloride  of  Iron  (muriate  of  iron)  is  made  by  dis¬ 
solving  iron  in  hydrochloric  acid  mixed  with  one-fourth 
of  nitric  acid,  and  expelling  the  excess  of  acid  by  evapo¬ 
ration. 

Phosphate  of  Soda  is  generally  procurable  at  the  drug¬ 
gist’s.  A  substitute  for  it  is  phosphate  of  ammonia,  pre¬ 
pared  by  mixing  three  parts  of  bone-ash  (bones  burnt 
white  in  an  open  fire)  with  two  parts  of  strong  sulphuric 
acid  and  twenty  of  water,  allowing  the  mixture  to  stand 
for  a  day  or  two,  straining  off  the  sulphate  of  lime,  and 
mixing  the  solution  with  ammonia  or  carbonate  of  am¬ 
monia  till  it  is  alkaline*.  The  solution  of  phosphate  of 
ammonia  is  then  filtered  off)  and  concentrated  by  evapo¬ 
ration. 

Potash  may  be  obtained  by  dissolving  the  carbonate  of 
potash  (common  potashes,  pearlash)  in  ten  parts  of  water, 
and  adding,  by  degrees,  to  the  boiling  solution,  one  part 
of  quick-lime,  slaked  and  mixed  with  water.  Allow  the 
mixture  to  settle  in  a  covered  vessel,  and  draw  off  the 
clear  solution  of  potash.  The  carbonate  of  potash  may 
be  extracted  from  wood  ashes  (especially  those  of  young 
shoots  and  leaves)  by  treatment  with  water ;  or  from  cal¬ 
cined  argol  (cream  of  tartar) ;  or  from  the  lees  of  wine, 
after  calcination.  Soda  is  a  good  substitute  for  potash, 
and  may  be  prepared  from  carbonate  of  soda  (common 
washing  soda,  soda-ash)  by  the  process  described  above. 

Sulphate  of  Iron  (copperas,  green  vitriol)  is  made  by 
dissolving  iron  in  dilute  sulphuric  acid  and  crystallizing. 

Sulphate  of  Lime  is  to  be  procured  almost  everywhere 
as  plaster  of  Paris.  It  may  easily  be  made  by  adding 
chalk  to  diluted  sulphuric  acid  till  it  is  no  longer  acid. 

Tartaric  Acid  (not  absolutely  indispensable  in  analysis) 
might  be  made  by  boiling  4  parts  of  cream  of  tartar  (argol, 
bitartrate  of  potash)  with  1  part  of  chalk,  adding  to  the 
mixture  2  parts  of  chalk  dissolved  in  the  least  possible 
quantity  of  hydrochloric  acid,  filtering  through  a  cloth, 
washing  the  precipitate  (tartrate  of  lime)  with  water,  and 
digesting  at  a  gentle  heat  with  fths  as  much  sulphuric 
acid  as  there  was  originally  of  cream  of  tartar,  diluted  with 
6  parts  of  water.  The  insoluble  sulphate  of  lime  is  strained 
off,  and  the  solution  crystallized  by  slow  evaporation. 
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WEIGHTS  AND  MEASURES. 


Pound. 

1  = 


Apothecaries'  Weight. 


Ounces.  Drachms. 

Scruples. 

Grains. 

French  Grammes. 

12  =  96  = 

288  = 

5760 

=  372.96 

1  =  8  = 

24  = 

480 

=  31.08 

1  = 

3  == 

60 

=  3.885 

1  = 

20 

=  1.295 

1 

=  0.0647 

Avoirdupois  Weight. 


Pound. 

Ounces. 

Drachms. 

1 

=  16 

=  256 

1 

=  16 

1 

Grains.  French  Grammes. 

7000  =  453.25 

437.5  =  28.328 

27.343  =  i.77 


Imperial  Measure. 


Gallon.  Pints.  Fluid  Ounces.  Fluid  Drachms.  Minims. 

1  =-  8  =  160  =  1280  =  76,800 

1  =  20  =  160  =  9,600 

1  =  8  =  480 

1  =  60 


Weight  of  Water  at  62°,  contained  in  the  Imperial  Gallon ,  <fc. 


Grains. 

1  Imperial  Gallon,  70,000 

1  “  Pint,  8,750 

1  “  Fluid  Ounce,  .  =  .  .  437.5 

1  “  Fluid  Drachm,  .  =  54.7 

1  “  Minim,  0.91 


25 
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Cubic  Inches  contained  in  the  Imperial  Gallon,  <^c. 


Cubic  Inches. 

1  Imperial  Gallon,  277.276 

1  “  Pint.  34.659 

1  “  Fluid  Ounce,  =  1  7329 

1  “  Fluid  Drachm,  =  0.2166 

1  “  Minim,  0.0036 


FRENCH  WEIGHTS  AND  MEASURES. 

Measures  of  Length. 


English  Inches. 


Millimetre 

Centimetre 

Decimetre 

Metre 

— 

.03937 

.39371 

3.93710 

39.37100 

Mil. 

Fur. 

Yds. 

Feet. 

In. 

Decametre 

— 

393.71000 

= 

0 

0 

10 

2 

9.7 

Hecatometre 

= 

3937.10000 

— 

0 

0 

109 

1 

1 

Kilometre 

= 

39371.00000 

— 

0 

4 

213 

4 

10.2 

Myrio  metre 

= 

393710.00000 

= 

6 

1 

156 

0 

6 

Millilitre 

Measures  of  Capacity. 

English  Imperial  Measure. 

Cubic  Inches.  Gal.  Pints.  F.  oz.  F.drms.  Min. 

.06102  =  0  0  0  0  16.3 

Centilitre 

— 

.61028 

— 

0 

0 

0 

2 

43 

Decilitre 

— 

6.10280 

— 

0 

0 

3 

3 

2 

Litre 

— 

61.02800 

— 

0 

1 

15 

1 

43 

Decalitre 

— 

610.28000 

= 

2 

1 

12 

1 

16 

Ilecatolitre 

— 

6102  80000 

— 

22 

0 

1 

4 

48 

Kilolitre 

— 

61028  00000 

— 

220 

0 

12 

6 

24 

Myriolitre 

= 

610280  00000 

= 

2200 

7 

13 

4 

48 

Measures  of  Weight. 


Milligramme  = 
Centigramme  == 
Decigramme  — 

English  Grains. 

.0154 
.1543  • 
1.5432 

Avoirdupois. 

Gramme  = 

15.4323 

fts. 

Oz. 

Drms. 

Decagramme  = 

154.3234  = 

0 

0 

5.65 

Hecatogramme  = 

1543.2348  = 

0 

3 

8.5 

Kilogramme  = 

15432.3840  = 

2 

3 

5 

Myriogramme  = 

154323.4800  = 

22 

1 

2 

TABLE  OF  ANALYTICAL  CLASSIFICATION. 
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TABLE  A. 

Analysis  of  Substances  containing  one  Metal. 
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Should  the  substance  prove  insoluble,  see  (485). 


TABLE  B 

Examination  of  the  Precipitate  produced  by  Hydrochloric  Acid. 
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Examination  of  the  Precipitate  produced  by  Hydrosulphate  of  Ammonia. 
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Examination  of  Substances  containing  one  Acid  or  Non-metal. 
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Insoluble  substances  must  be  examined  by  (485). 


TABLE  H. 

Examination  of  Solutions  containing  one  Acid  or  Non-metal. 
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1  Test  with  blue  litmus-paper,  to  be  sure  that  the  acid  is  in  excess. 
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TABLE  I. 


Showing  the  Quantity  of  Oil  of  Vitriol  of  sp.  gr.  1.8485,  and 
of  Anhydrous  Acid  in  100  Parts  of  dilute  Sulphuric  Acid , 
of  different  Specific  Gravities  (  Ure ). 


Liquid 

Acid. 

Sp.  Gr. 

Anhydrous 

Acid. 

100 

1.8485 

81.54 

99 

1.8475 

80.72 

98 

1.8460 

79.90 

97 

1.8439 

79.09 

96 

1.8410 

78  28 

95 

1.8376 

77.46 

94 

1.8336 

76.65 

93 

1.8290 

75.83 

92 

1.8233 

75.02 

91 

1.8179 

74.20 

90 

1.8115 

73.39 

89 

1.8043 

72.57 

88 

1.7962 

71.75 

87 

1.7870 

70.94 

86 

1.7774 

70.12 

85 

1.7673 

69.31 

84 

1.7570 

68.49 

83 

1.7465 

67.68 

82 

1.7360 

66  86 

81 

1.7245 

66  05 

80 

1.7120 

65.23 

79 

1.6993 

64.42 

78 

1.6870 

63.60 

77 

1.6750 

62.78 

76 

1.6630 

61.97 

75 

1.6520 

61.15 

74 

1.6415 

60.34 

73 

1.6321 

59.82 

72 

1.6204 

58.71 

71 

1.6090 

57.89 

70 

1.5975 

57.08 

69 

1.5868 

56.26 

68 

1.5760 

55.45 

67 

1.5648 

54.63 

66 

1.5503 

53.82 

65 

1.5390 

53.00 

64 

1.5280 

52.18 

63 

1.5170 

51.37 

62 

1.5066 

50.55 

61 

1.4960 

49.74 

60 

1.4860 

48.92 

Liquid 

Acid. 

Sp.  Gr. 

Anhydrous 

Acid. 

59 

1.4760 

48.11 

58 

1.4660 

47.29 

57 

1.4560 

46.48 

56 

1.4460 

45.66 

55 

1.4360 

44.85 

54 

1.4265 

44.03 

53 

1.4170 

43.22 

52 

1.4073 

42  40 

51 

1.3977 

41.58 

50 

1.3884 

40.77 

49 

1.3788 

39.95 

48 

1.3697 

39.15 

47 

1.3612 

38.32 

46 

1.3530 

37.51 

45 

1.3440 

36.69 

44 

1.3345 

35.88 

43 

1.3255 

35  06 

42 

1.3165 

34.25 

41 

1.3080 

33.43 

40 

1.2999 

32.61 

39 

1.2913 

31.80 

38 

1.2826 

30.98 

37 

1.2740 

30.17 

36 

1.2654 

29.35 

35 

1.2572 

28.54 

34 

1.2490 

27.72 

33 

1.2409 

26.91 

32 

1.2334 

26.09 

31 

1.2260 

25.28 

30 

1.2184 

24.46  . 

29 

1.2108 

23.65 

28 

1  2032 

22.83 

27 

1.1956 

22.01 

26 

1.1876 

21.20 

25 

1.1792 

20.38 

24 

1.1706 

19.57 

23 

1.1626 

18.75 

22 

1.1549 

17.94 

21 

1.1480 

17.12 

20 

1.1410 

16.31 

19 

1.1330 

15.49 
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TABLE  I. — Continued. 


Liquid 

Acid. 

Sp.  Gr. 

Anhydrous 

Acid. 

Liquid 

Acid. 

Sp.  Gr. 

Anhydrous 

Acid. 

18 

1.1246 

14.68 

9 

1.0614 

7.34 

17 

1.1165 

13.84 

8 

1.0544 

6.52 

16 

1.1090 

13.05 

7 

1.0477 

5.71 

15 

1.1019 

_  12.23 

6 

1.0405 

4.89 

14 

1.0953 

11.41 

5 

1.0336 

4.08 

13 

1.0887 

10.60 

4 

1.0268 

3.26 

12 

1.0809 

9.78 

3 

1.0206 

2.446 

11 

1.0743 

8.97 

2 

1.0140 

1.63 

10 

1.0682 

8.15 

1 

1.0074 

0.8154 

TABLE  II. 

Showing  the  Quantity  of  Anhydrous  Nitric  Acid  in  100  Parts 
of  Liquid  Acid ,  of  different  Specific  Gravities  (  Ure). 


Specific 

Gravity. 

Anhydrous 
Acid  in  100 
parts  of  the 
Liquid. 

1.5000 

79.700 

1.4980 

78.903 

1.4960 

78.106 

1.4940 

77.309 

1.4910 

76.512 

1.4880 

75.715 

1.4850 

74.918 

1.4820 

74.121 

1.4790 

73.324 

1.4760 

72.527 

1.4730 

71.730 

1.4700 

70.933 

1.4670 

70.136 

1.4640 

69.339 

1.4600 

68.542 

1.4570 

67.745 

1.4530 

66.948 

1.4500 

66.155 

1.4460 

65.354 

1.4424 

64.557 

1.4385 

63.760 

1.4346 

62.963 

1.4306 

62.166 

1.4269 

61.369 

1.4228 

60.572 

1.4189 

59.775 

1.4147 

58.978 

Specific 

Gravity. 

Anhydrous 
Acid  in  100 
parts  of  the 
Liquid. 

1.4107 

58.181 

1.4065 

57.384 

1.4023 

56.587 

1.3978 

55.790 

1.3945 

54.993 

1.3882 

54.196 

1.3833 

53  399 

1.3783 

52.602 

1.3732 

51.805 

1.3681 

51.068 

1.3630 

50.211 

1.3579 

49.414 

1.3529 

48.617 

1.3477 

47.820 

1.3427 

47.023 

1.3376 

46.226 

1.3323 

45.429 

1.3270 

44.632 

1.3216 

43.835 

1.3163 

43.038 

1.3110 

42.241 

1.3056 

41.444 

1.3001 

40.647 

1.2947 

39.850 

1.2887 

39.053 

1.2826 

38.256 

1.2765 

37.459 

Specific 

Gravity. 

Anhydrous 
Acid  in  100 
parts  of  the 
Liquid. 

1.2705 

36.662 

1.2644 

35.865 

1.2583 

35.068 

1.2523 

34.271 

1.2462 

33.474 

1.2402 

32.677 

1.2341 

31.880 

1.2277 

31  083 

1.2212 

30.286 

1.2148 

29.489 

1.2084 

28.692 

1  2019 

27.895 

1.1958 

27.098 

1.1895 

26.301 

1.1833 

25.504 

1.1770 

24.707 

1.1709 

23.910 

1.1648 

23.113 

1.1587 

22.316 

1.1526 

21.519 

1.1465 

20.722 

1.1403 

19.925 

1.1345 

19.128 

1.1286 

18.331 

1.1227 

17.534 

1.1168 

16.737 

1.1109 

15.940 
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TABLE  II. — Continued. 


Specific 

Gravity. 

Anhydrous 
Acid  in  100 
parts  of  the 
Liquid. 

Specific 

Gravity. 

Anhydrous 
Acid  in  100 
parts  of  the 
Liquid. 

Specific 

Gravity. 

Anhydrous 
Acid  in  100 
parts  of  the 
Liquid. 

1.1051 

15  143 

1.0651 

9.564 

1.0320 

4.782 

1.0993 

14.340 

1.0595 

8.767 

1.0267 

3.985 

1.0935 

13.549 

1.0540 

7.970 

1.0212 

3.188 

1.0878 

12.752 

1.0485 

7.173 

1.0159 

2.391 

1.0821 

11.955 

1  0430 

6  376 

1.0106 

1.594 

1.0764 

11.158 

1.0375 

5  579 

1.0053 

0.797 

1.0708 

10.361 

TABLE  III. 

Showing  the  Quantity  of  Anhydrous  Hydrochloric  Acid  in 
the  Liquid  Acid  of  different  Specific  Gravities  (  Ure). 


Specific 

Gravity. 

Hydrochlo¬ 
ric  Gas. 

Specific 

Gravity. 

Hydrochlo¬ 
ric  Gas. 

Specific 

Gravity. 

Hydrochloric 

Gas. 

1.2000 

40.777 

1.1473 

29.767 

1.0919 

18.757 

1.1982 

40.369 

1.1452 

29.359 

1.0899 

18.349 

1.1964 

39.961 

1.1431 

28.951 

1.0879 

17.941 

1.1946 

39.554 

1.1410 

28.544 

1.0859 

17.534 

1.1928 

39.146 

1  1389 

28.136 

1.0838 

1-7.126 

1.1910 

38.738 

1.1369 

27.728 

1.0818 

16.718 

1.1893 

38.330 

1.1349 

27.321 

1.0798 

16.310 

1.1875 

37.923 

1.1328 

26.913 

1.0778 

15.902 

1.1857 

37.516 

1.1308 

26.505 

1.0758 

15.494 

1.1846 

37.108 

1  1287 

26.098 

1.0738 

15.087 

1.1822 

36.700 

1.1267 

25.690 

1.0718 

14.679 

1.1802 

36  292 

1.1247 

25  282 

1.0697 

14.271 

1.1782 

35.884 

1.1226 

24.874 

1.0677 

13.863 

1.1762 

35.476 

1.1206 

24.466 

1.0657 

13.456 

1.1741 

35.068 

1.1185 

24.058 

1.0637 

13.049 

1.1721 

34.660 

1.1164 

23.650 

1.0617 

12.641 

1.1701 

34  252 

1.1143 

23.242 

1  0597 

12  233 

1.1681 

33.845 

1.1123 

22.834 

1.0577 

11.825 

1.1661 

33.437 

1.1102 

22.426 

1  0557 

11.418 

1.1641 

33.029 

1.1082 

22.019 

1.0537 

11.010 

1.1620 

32.621 

1.1061 

21.611 

1.0517 

10.602 

1.1599 

32.213 

1.1041 

21.203 

1.0497 

10.194 

1.1578 

31.805 

1.1020 

20.796 

1.0477 

9.786 

1.1557 

31.398 

1.1000 

20.388 

1.0457 

9.379 

1.1536 

30.990 

1.0980 

19.980 

1.0437 

8.971 

1.1515 

30.582 

1.0960 

19.572 

1.0417 

8.563 

1.1494 

30.174 

1.0939 

19.165 

1.0397 

8.155 
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TABLE  III. — Continued. 


Specific 

Gravity. 

Hydrochlo¬ 
ric  Gas. 

Specific 

Gravity. 

Hydrochlo¬ 
ric  Gas. 

Specific 

Gravity. 

Hydrochloric 

Gas. 

1.0377 

7.747 

1.0239 

4.893 

1.0120 

2  447 

1.0357 

7.340 

1.0220 

4.486 

1.0110 

2.039 

1.0337 

6.932 

1.0200 

4.078 

1.0080 

1.631 

1.0318 

6.524 

1.0180 

3.670 

1.0060 

1.224 

1  0298 

6.116 

1.0160 

3.262 

1.0040 

0.816 

1.0279 

5.709 

1.0140 

2.854 

1.0020 

0.408 

1.0259 

5.301 

TABLE  IY. 


Showing  the  Quantity  of  Anhydrous  Potash  in  Solutions  o  f 
different  Specific  Gravities  ( Dalton ). 


Specific 

Gravity. 

Potash 

Per  cent. 

Boiling 

Point. 

Specific 

Gravity. 

Potash 
Per  cent. 

Boiling 

Point. 

1.63 

51.2 

329° 

1.33 

26.3 

229° 

1.60 

46  7 

290 

1.28 

23.4 

224 

1.52 

42.9 

276 

1.23 

19.5 

220 

1.47 

39.6 

265 

1.19 

16  2 

218 

1.44 

36.8 

255 

1.15 

13.0 

215 

1.42 

34.4 

246 

1.11 

9.5 

214 

1.39 

32.4 

240 

1.06 

4.7 

213 

1.36 

29.4 

234 
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TABLE  Y. 

Showing  the  Quantity  of  Anhydrous  Soda  in  Solutions  of 
different  Specific  Gravities  {Dalton). 


Specific 

Gravity. 

Soda 

Per  cent. 

Boiling 

Point. 

Specific 

Gravity. 

Soda 

Per  cent. 

Boiling 

Point. 

2.00 

77.8 

_ o 

1.40 

29.0 

242° 

1.85 

63.6 

600 

1.36 

26.0 

235 

1.72 

53.8 

400 

1.32 

22.0 

228 

1.63 

46.6 

300 

1.29 

19  0 

224 

1.56 

41.2 

280 

1.23 

16.0 

220 

1.50 

36.8 

265 

1.18 

13.0 

217 

1.47 

34.0 

255* 

1.12 

9.8 

214 

1.44 

31.0 

248 

1.06 

4.7 

213 

TABLE  VI. 

Showing  the  Quantity  of  Ammoniacal  Gas  in  Aqueous 
Solutions  of  different  Specific  Gravities  {Dalton). 


Specific  Gravity. 

Grains  of  Ammonia  in 
10U  grains  of  the  liquid. 

Boiling  Points. 

Volumes  of  gas  in  one 
volume  of  the  liquid. 

.850 

85.3 

26° 

494 

.860 

32.6 

38 

456 

.870 

29.9 

50 

419 

.880 

27.3 

62 

382 

.890 

24.7 

74 

346 

.900 

22.2  . 

86 

311 

.910 

19.8 

98 

277 

.920 

17.4 

110 

244 

.930 

15.1 

122 

211 

.940 

12.8 

134 

180 

.950 

10.5 

146 

147 

.960 

8.3 

158 

116 

.970 

6.2 

173 

87 

.980 

4.4 

187 

58 

.990 

2.0 

196 

28 
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TABLE  VII. 

Showing  the  Quantity  of  Absolute  Alcohol  contained  in  Di¬ 
luted  Alcohol  of  different  Specific  Gravities  ( Fownes ). 


Sp.  Gr.  at  60°. 

Percentage 
of  real 
Alcohol. 

Sp.  Gr.  at  60°. 

Percentage 
of  real 
Alcohol. 

Sp.  Gr.  at  60°. 

Percentage 
of  real 
Alcohol. 

0.9991 

0.5 

0.9511 

34 

0.8769 

68 

0.9981 

1 

0  9490 

35 

0.8745 

69 

0.9965 

2 

0  9470 

36 

0.8721 

70 

0.9947 

3 

0.9452 

37 

0.8696 

71 

0.9930  • 

4 

0.9434 

38 

0.8672 

72 

0.9914 

5 

0  9416 

.  39 

0.8649 

73 

0.9898 

6 

0  9396 

40 

0.8625 

74 

0.9884 

7 

0.9376 

41 

0.8603 

75 

0.9869 

8 

0.9356 

42 

0.8581 

76 

0.9855 

9 

0.9335 

43 

0.8557 

77 

0.9841 

10 

0.9314 

44 

0.8533 

78 

0.9828 

11 

0.9292 

45 

0.8508 

79 

0.9815 

12 

0.9270 

46 

0.8483 

80 

0.9802 

13 

0.9249 

47 

0.8459 

81 

0.9789 

14 

0.9228 

48 

0.8434 

82 

0.9778 

15 

0.9206 

49 

0.8408 

83 

0.9766 

16 

0.9184 

50 

0.8382 

84 

0.9753 

17 

0.9160 

51 

0  8357 

85 

0.9741 

18 

0.9135 

52 

0.8331 

86 

0.9728 

19 

0.9113 

53 

0.8305 

87 

0.9716 

20 

0.9090 

54 

0.8279 

88 

0.9704 

21 

0.9069 

55 

0.8254 

89 

0.9691 

22 

0.9047 

56 

0.8228 

90 

0.9678 

23 

0.9025 

57 

0.8199 

91 

0.9665 

24 

0.9001 

58 

0.8172 

92 

0.9652 

25 

0.8979 

59 

0.8145 

93 

0.9638 

26 

0.8956 

60 

0.8118 

94 

0.9623 

27 

0.8932 

61 

0.8089 

95 

0.9609 

28 

0.8908 

62 

0.8061 

96 

0.9593 

29 

0.8886 

63 

0.8031 

97 

0.9578 

30 

0.8863 

64 

0  8001 

98 

0.9560 

31 

0  8840 

65 

0.7969 

99 

0.9544 

32 

0.8816 

66 

0.7938 

100 

0.9528 

33 

0.8793 

67 
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TABLE  VIII. 

Showing  the  Specific  Gravities  of  Mixtures  of  Ether  and 
Alcohol  in  different  proportions  {Dalton). 


Specific 

Gravity. 

Ether. 

Alcohol 
(sp.gr.  830). 

Specific 

Gravity. 

Ether. 

Alcohol 
(sp.  gr.  830). 

724 

100 

0 

792 

40 

60 

732 

90 

10 

804 

30 

70 

744 

80 

20 

816 

20 

80 

756 

70 

30 

828 

10 

90 

768 

60 

40 

830 

0 

100 

780 

50 

50 

TABLE  IX. — Showing  the  Solubility  of  Salts.1 
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Potash,  . 
Soda, .  . 
Ammonia, 
Magnesia, 
Lime, 
Baryta,  . 
Strontia, 
Alumina, 
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HP  lit* 

Readily  distin¬ 
guished  with  the 
blowpipe. 

Precipitated,  in  the 
metallic  state  by 

clean  iron. 

Glucina  dissolves  in 

cold  solution  of 

carb.  ammonia,  and 

is  thrown  down 

on  boiling. 

Thrown  down  in  the 

form  of  a  brown  me¬ 

tallic  powder  by 
protosulph.  of  iron. 

The  solutions  have 

a  deep  brown  color. 

Radiates  a  brilliant 
light.  Gives  a  red 
color  to  the  flame. 

Eme.rald  green  with 
fluxes. 

Blue  glass  with 
borax  in  both 
flames. 

With  soda  on  char¬ 
coal,  reduced.  With 
borax  and  mic.  salt 
in  outer  flame, green; 
in  inner  flame,  red. 

With  nitrate  of 
cobalt,  dark  gray  or 

black. 

Reduced. 

Reduced. 

0 

0 

1  Pale  green 
or  gray. 

Mahogany 
colored ; 
insol. 

0 

o 

Solution 

slowly  dis¬ 

colored. 

0 

Green ; 
insol. 

Blue ;  sol.  in 
ex.,  forming 
a  brownish- 
red  sol. 

Pale  blue, 
sol.  in  ex. 
forming 
rich  blue 
solution. 

White ; 
insol. 

Yellow 
in  sol. 

As  with 
potash.  On 
exposure  to 
the  air,  a 
slight  blue 
precipitate 

0 

Green ; 
sol.  in 
excess. 

Blue, becom¬ 
ing  green¬ 
ish  ;  dirty 
redonboil’g. 

Pale  blue, 
becoming 
dark  brown 

when 

boiled. 

White; 
sol.  in  ex. 

Yellowish- 

brown. 

Slight 

brown.  The1 
solution  be¬ 
comes  first  1 
colorless 
and  stibse- 

&  1 

White: 

insol. 

Green. 

Pink;  sp. 
sol.  in  ex. 
solution 
purple. 

Greenish- 
blue,  sol.  in 
ex.  forming 
deep  blue 
solution. 

White; 
sol.  in  ex. 

Repptd. 
by  boiling. 

Yellow; 

insol. 

Bleaches 

thesolution. 

White ; 
insol.  in 

Green. 

ill!  iJiif  p 

6Si*  JjJ?p  S* 

O 

Brown-red ; 

sp.  sol. 

0 

Green. 

Black. 

Black. 

White; 
insol.  in 

Brown- 
black  ; 
sol.  in 
excess. 

Brown ; 
sol. 

0 

0 

0 

Black. 

0 

Black. 

Slight 

brown. 

o 
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fied  solution. 
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Brown, 

formed 

slowly. 

Black. 
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Name  of 
Base. 

Potash 
(see  also 
p.  132). 
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sesquioxide 

of. 

Silver, 
oxide  of 
(see  also 
p.  95). 

Soda 
(see  also 
p.  132). 

Strontla 
(see  also 

p.  128). 

White;  I  White.  |  Reduced  with  soda.i  The 
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LIST  OF  SALTS,  &c. 


WHICH  MAY  BE  EXAMINED  FOR  PRACTICE. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 


21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


43. 

44. 


I.  Exercises  in  the  use  of  the  Blowpipe  (p.  79). 

(a.)  One  constituent  to  be  detected. 


Sulphur. 

Arsenious  acid. 

Calomel. 

Chloride  of  ammonium. 
Oxide  of  zinc. 

Binoxide  of  tin. 

Oxide  of  copper. 

Oxide  of  lead. 

Peroxide  of  iron. 

Oxide  of  nickel. 


11.  Oxide  of  cobalt. 

12.  Oxide  of  chromium. 

13.  Binoxide  of  manganese. 

14.  Carbonate  of  soda. 

15.  Bicarbonate  of  potash. 

16.  Carbonate  of  lime. 

17.  Carbonate  of  baryta. 

18.  Silica. 

19.  Boracic  acid. 

20.  Charcoal. 


Sulphate  of  iron. 

Trisnitrate  of  bismuth. 

Sulphide  of  arsenic. 

Yermilion. 

Iodide  of  lead. 

Chlorate  of  potash. 

Chloride  of  sodium. 

Fluoride  of  calcium. 

Sulphide  of  copper. 

Sulphate  of  zinc. 

Pipe  clay.  42. 


Sulphate  of  magnesia. 
Argentiferous  lead  1 * 3 
Sulphide  of  antimony. 

Iron  pyrites. 

Chromate  of  potash. 

Nitrate  of  strontia. 

Sulphate  of  baryta. 

Borax. 

Alloy  of  lead  and  antimony.' 
Arsenite  of  copper. 

Acetdte  of  lead. 


(5.)  Two  constituents  to  be  detected. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 


(c.)  Three  constituents  to  be  detected. 

Potash-alum.  45.  Tartar-emetic. 

Ammonia-alum.  *  46.  Arsenical  pyrites. 


1  A  pound  of  lead  should  be  fused  with  a  little  borax,  and  200  grs.  of  silver 

thoroughly  dissolved  in  it.  The  alloy  is  then  granulated  by  pouring  into  water,  or 
better,  cast  into  a  thin  plate,  on  a  stone,  and  cut  up  into  fragments. 

3  An  alloy  of  4  lead  and  1  antimony  may  be  used. 
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II.  Exercises  in  Qualitative  Analysis. 


(a.)  Simple  Sails,  <fc. 

1.  Chloride  of  barium. 

2.  Sulphate  of  soda. 

3.  Chloride  of  ammonium. 

4.  Sulphate  of  magnesia. 

6.  Chloride  of  calcium. 

6.  Nitrate  of  strontia. 

7.  Sulphate  of  chromium. 

8.  Sulphate  of  zinc. 

9.  Sulphate  of  manganese. 

10.  Protosulphate  of  iron. 

11.  Perchloride  of  iron. 

12.  Sulphate  of  nickel. 

13.  Nitrate  of  cohalt. 


,  soluble  in  Water  ( p .  167). 

14.  Protonitrate  of  mercury. 

15.  Perchloride  of  mercury. 

16.  Acetate  of  lead. 

17.  Sulphate  of  copper. 

18.  Nitrate  of  silver. 

19.  Phosphate  of  soda. 

20.  Iodide  of  potassium. 

21.  Biborate  of  soda. 

22.  Nitrate  of  potash. 

23.  Chlorate  of  potash. 

24.  Carbonate  of  soda. 

25.  Arsenious  acid. 


(6.)  Simple  Salts,  ^c., insoluble  in  Water,  but  soluble  in  Acids  (p  158). 


26.  Carbonate  of  magnesia. 

27.  Phosphate  of  lime. 

28.  Carbonate  of  baryta. 

29.  Metallic  zinc. 

30.  Carbonate  of  strontia. 

31.  Sulphide  of  iron. 


32.  Protoxide  of  lead. 

33.  Sulphide  of  antimony. 

34.  Black  oxide  of  copper. 

35.  Carbonate  of  lime. 

36.  Oxide  of  bismuth. 

37.  Metallic  tin. 


38. 

39. 

40. 

41. 


46. 


47. 


48. 

49. 

50. 

51. 

52. 

53. 


(c.)  Simple  Salts,  <fr.,  insoluble  i: 


Sulphate  of  baryta.  42. 

Sulphate  of  strontia.  43 

Chloride  of  lead.  44. 

Sulphate  of  lead.  45. 


Water  and  Acids  ( p.  161). 
Silica. 

Chloride  of  silver. 

Fluoride  of  calcium. 

Silicate  of  alumina  (pipeclay). 


( d .)  Mixed  Salts,  <§'c. ,  soluble  in  Water  ( p.  197). 1 


J  Sulphate  of  copper. 

( Sulphate  of  iron. 

J  Nitrate  of  lead. 

\  Nitrate  of  silver. 

J  Sulphate  of  manganese. 

\  Sulphate  of  magnesia. 

Alum. 

Phosphate  of.  soda  and 
ammonia. 

Tartar-emetic. 

f  Carbonate  of  soda. 

\  Sulphite  of  soda. 

Commercial  cyanide  of 
potassium  (containing 
carbonate  of  potash). 


54. 

65. 

56. 

57. 

58. 

59. 

60. 


j  Biborate  of  soda. 

\  Chloride  of  ammonium. 
f  Chlorate  of  potash. 

(  Chloride  of  sodium. 
j  Iodide  of  potassium. 

\  Carbonate  of  potash. 

{Sulphate  of  copper. 
Sulphate  of  iron. 
Sulphate  of  nickel. 

(  Sulphate  of  zinc. 

\  Sulphate  of  copper. 

Chrome  alum. 

J  Chloride  of  barium. 

\  Nitrate  of  strontia. 


1  The  constituent  placed  first  should  always  form  the  greater  part  of  the  mixture. 
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61 


62. 


63. 


64. 


65. 


(e.)  Mixed  Salts,  $c. ,  not  entirely  soluble  in  Water,  but  soluble  in 
Acids  ( p .  187). 

/  Carbonate  of  lime 


\  Carbonate  of  magnesia, 
f  Binoxide  of  manganese. 
<  Peroxide  of  iron. 

(  Carbonate  of  baryta. 
j  Sulphide  of  iron, 
t  Arsenious  acid. 

{Peroxide  of  iron. 

Oxide  of  cobalt. 

Oxide  of  nickel. 

J  Calomel. 

\  Corrosive  sublimate. 


68. 


69. 

70. 

71. 

72. 


f  Peroxide  of  iron. 

J  Binoxide  of  manganese. 

]  Phosphate  of  lime. 

[  Arsenious  acid. 

{Sulphide  of  antimony. 
Sulphide  of  arsenic. 
Sulphide  of  lead, 
f  Oxalate  of  ammonia. 

\  Sulphate  of  lime. 

Chloride  of  lime  (bleaching 
powder). 

Brass. 


rR  j  Acetate  of  lead. 

73. 

German  silver. 

\  Verdigris. 

74.  1 

f  Phosphate  of  lime. 

f  Sulphide  of  zinc. 

67.  J  Sulphide  of  lead. 

(  Sulphide  of  iron. 

1  Alum. 

(/•)  Mixed  Salts,  #c.,  not  entirely  soluble  in  Water  or  Acids  ( p.  188). 

75  J  Sulphate  of  baryta. 

80.  < 

f  Vermilion. 

(  Sulphate  of  lime. 

[  Bed  lead. 

76  1  Pipe  clay. 

81.  s 

f  Prussian  blue. 

\  Chrome  iron  ore. 

[  Carbonate  of  baryta. 

77.  Gunpowder. 

82. 

Bronze. 

f  Sulphide  of  lead. 

83. 

Pewter. 

no  j  Binoxide  of  tin. 

1  Silica. 

84. 

Type  metal. 

85. 

Pusible  metal. 

^  Pluor  spar. 

86. 

Crown  glass. 

-n  J  Sulphate  of  lead. 

87. 

Plint  glass. 

\  Chloride  of  silver. 

88. 

Red  earthenware. 
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GLOSSARY  OF  CHEMICAL  TERMS.1 


Absorption,  from  absorbeo,  to  suck  up  ;  the  act  of  imbibing  a  liquid. 

Acetic  Acid,  from  acetum,  vinegar  ;  the  acid  contained  in  vinegar. 

Aeriform,  from  dty>,  the  air,  and  forma ,  a  form  ;  having  the  form  or  properties 
of  air. 

Affinity,  from  ad,  to,  and /Dm,  a  boundary ;  relationship;  the  force  which 
causes  particles  of  dissimilar  kinds  of  matter  to  combine  together,  so  as 
to  form  new  matter. 

Albumen,  -inocs,  from  albumen ,  the  white  of  an  egg;  an  important  animal 
principle.  The  white  of  an  egg  consists  chiefly  of  albumen  and  water, 
contained  in  a  cellular  tissue. 

Alcohol,  from  an  Arabic  word  ;  the  intoxicating  principle  of  spirituous 
liquors. 

Alkali,  a  soluble  body,  with  a  hot  caustic  taste,  which  possesses  the  power 
of  destroying  or  neutralizing  acidity.  The  term  is  derived  from  the 
Arabic  article,  al,  and  kali,  the  Arabic  name  of  a  plant,  from  the  ashes 
of  which  one  of  the  most  important  alkalies  (potash)  is  obtained. 

Amalgam,  from  apa,  together,  and  yupraj,  to  marry,  a  term  signifying  the 
union  of  any  metal  with  mercury,  which  has  the  property  of  dissolving 
several  of  the  metals. 

Amorphous,  from  d,  not,  and  pop<pfi,  a  form  ;  not  possessing  any  regular 
form. 

Analogue,  that  which  is  the  counterpart  of  another. 

Analogy,  -ical,  and  -ous,  from  dva,  among,  and  Adyoj,  a  relation  or  propor¬ 
tion  ;  a  likeness  or  resemblance  between  things,  with  regard  to  their 
circumstances  or  effects. 

Analysis,  from  ava,  among,  and  yuie,  to  loosen  ;  the  separation  of  a  sub¬ 
stance  into  its  component  parts. 

Angle,  from  augulus,  a  corner;  the  inclination  of  two  straight  lines  to  each 
other,  which  meet  together,  but  are  not  in  the  same  straight  line. 

Anhydrous,  from  d,  not,  and  vbwp,  water ;  containing  no  water. 

Antiseptic,  from  dv-rl,  against,  and  to  putrefy ;  possessing  the  power 

of  preventing  or  retarding  putrefaction. 

Aqua  Regia,  i.  e.,  Regal  Water,  a  mixture  of  nitric  and  hydrochloric 
acids;  so  called  from  its  property  of  dissolving  gold,  which  was  held  by 
the  alchemists  to  be  the  king  of  the  metals. 

Aqueo,  from  aqua,  water ;  when  prefixed  to  a  word  denotes  that  water  en¬ 
ters  into  the  composition  of  the  substance  which  it  signifies,  as  aqueo- 
sulphuric  acid.  [ Obsolete .] 

1  Many  of  the  definitions  are  taken  almost  verbatim  from  Daniell’s  Chemical 

Philosophy. 
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Athermanous,  from  a,  not,  and  Qippos,  heat;  that  through  which  heat  will 
not  pass,  is  said  to  be  athermanous. 

Atmolysis,  from  arpos,  vapor,  and  At!w,  to  loosen;  the  separation  of  gases  by 
diffusion  through  porous  substances. 

Atmosphere,  from  arpos,  vapor,  and  crtpaTpa,  a  sphere  ;  commonly  used  to  de¬ 
note  the  sphere  of  air  which  surrounds  the  globe. 

Atom,  -ic,  from  a,  not,  and  repvca,  to  cut;  a  minute  particle  of  matter,  not 
susceptible  of  further  division. 

Attraction,  -ive,  from  ad,  to,  and  traho,  to  draw;  the  tendency  which 
bodies  have  to  approach  or  unite  with  each  other. 

Azote,  from  a,  not,  and  life;  another  name  for  nitrogen ;  so  called  be¬ 
cause  it  is  incapable  of  supporting  respiration. 


Barium,  from  (lapis,  heavy;  the  metallic  base  of  baryta. 

Barometer,  from  (lapos ,  weight,  and  ptrpov,  a  measure  ;  an  instrument  for 
measuring  the  varying  pressure  of  the  atmosphere. 

Baryta,  a  compound  of  oxygen  and  the  metal  barium,  possessing  alkaline 
properties. 

Bibulous,  from  bibo,  to  drink  ;  that  which  has  the  property  of  drinking  in, 
or  absorbing  moisture. 

Boron,  a  dark,  olive-colored  elementary  substance,  obtained  from  boracic 
acid,  insoluble  in  water,  and  a  non-conductor  of  electricity. 

Bromine,  from  Qpwpos ,  a  strong  odor;  an  elementary  liquid  of  a  reddish- 
brown  color  and  suffocating  smell;  in  chemical  properties  it  strongly  re¬ 
sembles  chlorine. 


Caloric,  from  color ,  heat;  an  imaginary  fluid  substance,  supposed  to  be  dif¬ 
fused  through  all  kinds  of  matter,  and  the  sensible  effect  of  which  is 
ealled  heat. 

Capillary,  from  capillus,  a  hair;  resembling,  dr  having  the  tubular  form 
of  hairs- 

Capsule,  from  capsula,  a  little  chest;  a  small  shallow  cup. 

Carbon,  from  carbo,  a  coal ;  the  chemical  name  for  charcoal. 

Caustic,  from  ea'an,  to  burn;  possessing  the  power  of  burning. 

Chemistry,  -ical,  from  an  Arabic  word,  signifying  the  knowledge  of  the 
substance  or  constitution  of  bodies  ;  the  science  whose  object  it  is  to 
examine  the  constitution  of  bodies. 

Chlorine,  from  \\<opds,  green;  a  greenish-colored  elementary  gas,  of  a  pun¬ 
gent  suffocating  smell,  and  possessing  very  active  chemical  properties. 

Cleavage,  Plane  of,  the  plane  in  which  crystals  have  a  tendency  to  sepa¬ 
rate. 

Cohesion,  from  con,  together,  and  hcereo ,  to  stick;  the  power  which  causes 
the  particles  of  a  body  to  cling  together  and  resist  separation. 

Combustion,  from  comburo,  to  bum  ;  the'  disengagement  of  light  and  heat, 
which  frequently  accompanies  chemical  combination. 
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Conduction,  from  con,  together,  and  duco,  to  lead;  the  power  of  transmit¬ 
ting  heat  or  electricity,  without  change  in  the  relative  position  of  the 
particles  of  the  conducting  body. 

Congelation,  from  con,  together,  and  ge/o,  to  freeze;  the  process  of  freezing. 

Constituent,  from  constituo,  to  put  together;  that  of  which  anything  con¬ 
sists,  or  is  made  up. 

Contraction,  from  con,  together,  and  t>-aho,  to  draw;  the  state  of  being 
drawn  into  a  narrow  compass,  or  becoming  smaller. 

Convex,  from  coti,  together,  and  ve/to,  to  carry ;  curved  outwardly  or  pro¬ 
tuberant. 

Corpuscular,  from  corpus,  a  body ;  composed  of,  or  relating  to  atoms. 

Crystallography,  from  xpvaraWo j,  a  crystal  or  ice,  and  ypaipcj,  to  describe  ; 
the  science  which  treats  of  crystals. 

Crystallization  ;  the  formation  of  crystals  during  the  passage  of  certain 
substances  from  a  fluid  to  a  solid  state. 

Cube,  -ic  ;  a  solid  figure  contained  by  six  equal  squares. 

Cyanogen,  from  xbavos,  blue,  and  ytvvaw,  to  produce  ;  a  colorless  gas  com¬ 
posed  of  carbon  and  nitrogen.  Its  chemical  properties  much  resemble 
those  of  chlorine  ;  it  derives  its  name  from  the  circumstance  of  its  enter¬ 
ing  into  the  composition  of  Prussian-blue. 

Cyanide  ;  a  compound  of  cyanogen  with  a  metal  is  called  a  cyanide  :  as  cy¬ 
anide  of  potassium. 

Decomposition  ;  the  resolution  of  a  compound  substance  into  its  component 
parts. 

Decrepitation,  from  de,  from,  and  crepito,  to  crackle  ;  the  crackling  noise 
which  certain  salts  make  when  heated,  usually  caused  by  the  sudden  es¬ 
cape  of  water. 

Deflagration,  from  deflagro,  to  burn  ;  burning  very  rapidly. 

Deliquescence,  from  deliqueo ,  to  melt;  a  gradual  melting  or  dissolving, 
caused  by  the  absorption  of  water  from  the  atmosphere. 

Density,  from  densus,  thick ;  vicinity  or  closeness  of  particles  ;  specifio 
weight. 

Deoxidize  ;  to  deprive  of  oxygen. 

Detonation,  from  detono,  to  thunder ;  explosion  accompanied  with  noise. 

Dialysis,  from  Sia,  through,  and  Aw<o,  to  loosen ;  the  separation  of  crystal- 
lizable  from  uncrystallizable  substances,  by  diffusion  of  their  solutions 
through  membranes. 

Diaphanous,  from  <5ia,  through,  and  tyaimo,  to  shine  ;  that  which  allows  a 
passage  to  the  rays  of  light,  but  disperses  them  so  as  to  prevent  direct 
vision. 

Diathermanous,  from  <5ia,  through,  and  Beppos,  heat ;  that  through  which 
heat  will  pass,  is  said  to  be  diathermanous. 

Dimorphous,  from  diy,  twice,  and  pop<pt\,  a  form  ;  having  two  distinct  crystal¬ 
line  forms. 

Disintegration,  from  dis,  meaning  separation,  and  integer,  whole  ;  a  com¬ 
plete  separation  of  particles. 
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Distillation,  a  separation  drop  by  drop  ;  the  process  by  which  a  fluid  is 
separated  from  another  substance  by  being  first  converted  into  vapor, 
and  afterwards  condensed  drop  by  drop. 

Dodecahedron,  from  icbicica,  twelve,  and  c6pa,  a  base  or  side;  a  solid  figure 
contained  by  twelve  equal  sides. 

Ebullition,  from  ebul/io,  to  boil ;  the  act  of  boiling. 

Effervescence,  the  escape  of  bubbles  of  gas  formed  in  a  liquid,  as  when 
marble  is  decomposed  by  hydrochloric  acid. 

Efflorescence,  from  effloresro,  to  blow  as  a  flower;  the  formation  of  small 
crystals  on  the  surfaces  of  bodies  in  consequence  of  the  abstraction  of 
water  from  them  by  the  atmosphere. 

Electricity,  from  >)\eKTpov,  amber ;  the  name  of  a  power  of  matter,  which 
produces  a  variety  of  peculiar  phenomena,  the  first  of  which  were  ob¬ 
served  in  the  mineral  substance  called  amber  ;  the  laws,  hypotheses,  and 
experiments  by  which  they  are  explained  and  illustrated  constitute  the 
science  of  electricity. 

Electrode,  from  ffKeKrpov,  electricity,  and  bids,  a  way ;  the  point  at  which 
an  electric  current  enters  or  quits  the  body  through  which  it  passes. 

Electrolysis,  -lyte,  from  \i\tKTpov,  electricity,  and  A6w,  to  loosen;  the  act 
of  decomposing  bodies  by  electricity. 

Element,  from  elementuvi,  an  element ;  that  which  cannot  be  resolved  into 
two  or  more  parts,  and  contains  but  one  kind  of  ponderable  matter. 

Empyreumatic,  from  lv,  in,  and  irvp,  fire;  having  the  taste  or  smell  of  burnt 
animal  or  vegetable  substances. 

Endosmose,  from  Iviov,  within,  uapog,  the  act  of  pushing  ;  a  flowing  from  the 
outside  to  the  inside. 

Equivalent,  from  cequus ,  equal,  and  valeo,  to  be  worth  ;  equal  in  value,  or 
in  the  power  of  combining  with  other  substances. 

Evaporation,  from  e,  out,  and  vapor,  vapor;  the  conversion  of  a  liquid  into 
vapor. 

Exosmose,  from  rfa>,  without,  and  ibipog,  the  act  of  pushing ;  a  flowing  from 
the  inside  to  the  outside. 

Expansion,  from  expando,  to  open  out;  the  enlargement  or  increase  in  the 
bulk  of  bodies,  which  is  produced  by  heat. 

Experiment,  from  experior ,  to  attempt,  to  try ;  something  done  in  order  to 
discover  an  uncertain  or  unknown  effect. 

Explosion,  from  ex,  out,  and  pfaudo,  to  utter  a  sound ;  a  sudden  expansion 
of  an  elastic  fluid,  with  force  and  a  loud  report. 

Fermentation,  from  ferment  um,  that  which  is  light  and  puffy;  originally 
applied  to  the  process  by  which  alcohol  is  formed  in  saccharine  liquids. 
A  metamorphosis  or  transposition  of  particles  caused  by  contact  with  a 
substance  in  a  state  of  chemical  change. 

Ferruginous,  from  for  rum,  iron ;  belonging  to,  or  containing  iron. 

Filter,  a  strainer. 

Fluorine,  from  flvo,  to  flow ;  an  elementary  principle  contained  in  fluor 
spar,  which  is  so  called  from  its  acting  as  a  flux  in  the  working  of  cer¬ 
tain  minerals. 
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Flux,  from  fiuo ,  to  flow  ;  that  which  assists  in  the  fusion  of  other  substances 
when  mixed  with  it. 

Focus,  from  focxis,  a  fire-place  ;  a  point  in  which  a  number  of  rays  of  light 
or  heat  meet,  after  being  refracted  or  reflected. 

Gas,  a  permanent  aeriform  fluid. 

Gelatinous,  from  gelo,  to  freeze  ;  resembling  jelly. 

Gravity,  from  gravis,  heavy  ;  the  natural  tendency  of  bodies  to  fall  towards 
a  centre,  usually  the  centre  of  the  earth. 

Gravity,  Specific  ;  the  relative  gravity  or  weight  of  a  body,  considered 
with  regard  to  an  equal  bulk  of  some  other  body,  which  is  assumed  as  a 
standard  of  comparison. 

Heterogeneous,  from  erepo;,  different,  and  ycvo;,  kind  ;  different  in  nature 
and  properties. 

Homogeneous,  from  6gdj,  like,  and  yivoq,  kind ;  alike  in  nature  and  prop¬ 
erties. 

Homologous,  from  bpds,  like,  and  Adyoj,  a  relation  ;  a  term  applied  to  a  series 
of  compounds  increasing  by  like  additions  of  the  same  elements. 

Hydrate,  from  Sdwp,  water ;  any  substance  which  contains  water  chem¬ 
ically  combined. 

Hydrogen,  from  SJ cop,  water,  and  yevvaw,  tc  produce  ;  an  inflammable,  color¬ 
less,  and  aeriform  fluid  ;  the  lightest  of  all  known  substances,  and  one 
of  the  elements  of  water. 

Hydro,  when  prefixed  to  the  name  of  a  chemical  substance,  denotes  that 
hydrogen  enters  into  the  composition  of  the  substance  which  it  signifies. 

Hydrostatics,  from  vicop,  water,  and  erards,  poised  ;  the  branch  of  Natural 
Philosophy  which  treats  of  the  pressure  and  equilibrium  of  non-elastic 
fluids,  and  also  of  the  weight,  pressure,  <fec.,  of  solids  immersed  in  them. 

Hypo,  from  biro,  under;  when  prefixed  to  a  word,  denotes  an  inferior  quantity 
of  some  ingredient  which  enters  into  the  composition  of  the  substance 
which  it  signifies. 

Hypothesis,  from  mo,  under,  and  rWripi,  to  place  ;  a  principle  supposed,  or 
taken  for  granted,  in  order  to  prove  a  point  in  question. 

Ignite,  from  ignis,  fire  ;  to  heat  a  substance  to  redness  ;  to  set  on  fire. 

Imponderable,  from  in,  not,  and  gondero,  to  weigh;  that  which  has  no  per¬ 
ceptible  weight. 

Incandescent,  from  incandesco,  to  grow  white  ;  white  or  glowing  with  heat. 

Increment,  from  incresco,  to  increase ;  the  quantity  by  which  anything  in¬ 
creases  or  becomes  greater. 

Induction,  electrical,  from  in,  to,  and  duco,  to  lead  ;  the  effect  produced 
by  the  tendency  of  an  insulated  electrified  body,  to  excite  an  opposite 
electric  state  in  neighboring  bodies. 

Inertia,  from  inertia ,  inactivity ;  the  disposition  of  matter  to  remain  in 
its  state  of  rest  or  motion. 

Inflammable,  from  in,  and  Jlamma,  a  flame  ;  capable  of  burning  with  a 
flame. 
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Insulation,  from  insula ,  an  island  ;  when  a  body  containing  a  quantity  of 
free  heat  or  electricity  is  surrounded  by  non-conductors,  it  is  said  to  be 
insulated. 

Interstices,  from  interstitium,  a  break  or  interval ;  the  unoccupied  spaces 
between  the  molecules  of  bodies. 

Iodioe  ;  a  compound  of  iodine  and  a  metal. 

Iodine,  from  lov,  a  violet,  and  ding,  the  form  or  likeness  ;  a  soft  opaque 
elementary  substance,  which,  when  heated,  sublimes  in  the  form  of  a 
violet-colored  vapor. 

Isomeric,  from  ioog,  equal,  and  pepog,  a  part ;  substances  which  consist  of  the 
same  ingredients,  in  the  same  proportions,  and  yet  differ  essentially  in 
their  properties,  are  called  isomeric. 

Laminae,  from  lamina ,  a  thin  plate;  extremely  thin  plates,  of  which  some 
solid  bodies  are  composed. 

Levigation,  from  leer  is,  smooth  ;  the  reducing  of  hard  bodies  to  a  very  fine 
powder,  by  grinding  with  water. 

Lignin,  from  lignum.,  wood ;  an  organic  principle  found  in  ligneous  struc¬ 
tures. 

Litmus  ;  a  blue  pigment  obtained  from  the  lichen  roccella  ;  it  is  a  most  deli¬ 
cate  test  for  acids,  which  turn  it  red. 


Malleable,  from  malleus,  a  hammer  ;  that  which  is  capable  of  being  spread 
out  by  hammering. 

Metallurgy,  from  pcraWov,  a  metal,  and  epyov,  a  work;  the  art  of  working 
metals,  and  separating  them  from  their  ores. 

Molecules,  -ar,  a  diminutive  from  moles ,  a  mass ;  the  infinitely  small  ma¬ 
terial  particles,  of  which  bodies  are  conceived  to  be  aggregations. 

Mucilaginous  ;  resembling  mucilage  or  gum. 

Murexide,  from  murex,  a  fish  affording  a  purple  dye;  a  beautiful  purple 
compound,  resulting  from  the  decomposition  of  uric  acid  by  means  of 
nitric  acid. 

Nascent,  from  nascor,  to  be  born  ;  in  the  moment  of  formation. 

Nitrogen,  from  v'lrpuv,  nitre,  and  y«i/rd«,  to  produce;  a  colorless  elementary 
gas,  devoid  of  taste  and  smell ;  it  is  one  of  the  constituents  of  the  atmos¬ 
phere,  and  also  of  nitric  acid,  from  which  latter  circumstance  it  derives 
its  name. 

Nitrogenous  ;  containing  nitrogen  in  combination. 

Nucleus,  from  nucleus,  a  kernel;  the  central  parts  of  a  body,  which  are 
supposed  to  be  firmer,  and  separated  from  the  other  parts,  as  the  kernel 
of  a  nut  is  from  the  shell  ;  also,  the  point  about  which  the  matter  is  col¬ 
lected. 

Octouedron,  -AL,  from  Jitrw,  eight,  and  eSpa,  a  side;  a  solid  figure  contained 
by  eight  equal  and  equilateral  triangles. 

Olefiant  Gas,  from  oleum ,  oil,  and  fio,  to  become  ;  a  colorless  gas,  com¬ 
posed  of  carbon  and  hydrogen,  which  derives  its  name  from  its  property 
of  forming  an  oil-like  liquid  with  chlorine. 
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Organic  matter,  from  Spyavov,  an  organ  ;  matter  of  which  the  organic  parts 
or  juices  of  plants  and  animals  are  composed,  or  which  is  derived  from 
such  parts  by  the  action  of  chemical  agents,  is  called  organic. 

Oxide;  a  compound  of  oxygen  with  a  metal  or  non-metallic  body  not 
having  acid  properties. 

Oxidize  ;  to  combine  with  oxygen. 

Oxygen,  from  i^v;,  acid,  and  yevvito,  to  produce  ;  a  colorless  elementary  gas, 
which  was  formerly  supposed  to  be  the  universal  acidifying  principle. 

Pellicle,  a  diminutive  from  pel/is,  a  skin  or  crust;  a  thin  crust  formed  on 
the  surface  of  a  solution. 

Percolate,  from^er,  through,  and  colo,  to  strain;  to  strain  through. 

Permeate,  from  permeo,  to  pass  through  ;  to  penetrate. 

Phenomenon,  from  tpatvopai,  to  appear;  an  appearance  which  is  more  or  less 
remarkable. 

Philosophy,  from  <pi\eco,  to  love,  and  trotpia,  wisdom  ;  the  study  or  knowledge 
of  nature  or  morality,  founded  on  reason  and  experience ;  the  word 
originally  implying  ‘‘  A  love  of  wisdom.” 

Phlogiston,  from  <p\zyw,  to  burn  ;  a  name  given  by  the  older  chemists  to  an 
imaginary  substance,  which  was  considered  as  the  principle  of  inflam¬ 
mability. 

Phosphorus,  from  0<3j,  light,  and  piper,  to  produce ;  a  highly  inflammable 
elementary  substance,  obtained  from  calcined  bones,  which  emits  light 
when  placed  in  the  dark,  owing  to  its  undergoing  a  slow  combustion. 

Physics,  -ical,  from  nature;  the  science  of  natural  bodies,  their 

phenomena,  causes,  and  effects,  with  their  affections,  motions,  and  opera¬ 
tions. 

Pneumatics,  from  irvtvpa,  air ;  that  branch  of  Natural  Philosophy  which 
treats  of  tho  weight,  elasticity,  and  other  properties  of  aeriform  fluids. 

Polarity;  the  opposition  of  two  equal  forces  in  bodies,  similar  to  that 
which  confers  the  tendency  of  magnetized  bodies  to  point  towards  the 
magnetic  poles. 

Polarized  light  ;  light  which,  by  reflection  or  refraction  at  a  certain  angle, 
or  by  refraction  in  certain  crystals,  has  acquired  the  property  of  exhibit¬ 
ing  opposite  effects  in  planes  at  right  angles  to  each  other,  is  said  to  be 
polarized. 

Pores,  from  n 6po$,  a  passage  ;  the  small  interstices  between  the  solid  par¬ 
ticles  of  bodies. 

Precipitation,  from  prcecipito ,  to  fall  suddenly  ;  the  formation  and  separa¬ 
tion  of  a  solid  substance  in  a  liquid. 

Product,  from  pro,  forth,  and  duco,  to  draw  ;  anything  formed  from  the  ele¬ 
ments  of  another  by  an  operation. 

Pyro,  from  nvp,  fire ;  when  prefixed  to  a  word,  denotes  that  the  substance 
which  it  signifies  has  been  formed  at  a  high  temperature. 

Qualitative  ;  regarding  the  properties  of  a  body,  and  the  kinds  of  matter  of 
which  it  is  composed,  without  reference  to  quantity. 

Quantitative;  regarding  quantities. 

Radiation,  from  radius,  a  ray  ;  the  shooting  forth  in  all  directions  from  a 
centre. 
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Rarefaction,  from  rams ,  rare,  and  facia,  to  make  ;  the  act  of  causing  a 
substance  to  become  less  dense ;  it  also  denominates  the  state  of  this 
lessened  density. 

Rectification  ;  the  process  of  drawing  anything  off  by  distillation,  in  order 
to  obtain  it  in  a  state  of  greater  purity. 

Refraction,  from  re,  back,  and  frango,  to  break  ;  the  deviation  of  rays  of 
light  or  heat  from  their  direct  course,  when  passing  through  media  of 
different  densities. 

Refrigeration,  from  re,  again,  and  frig  us ,  cold  ;  the  act  of  cooling. 

Repulsion,  from  re,  back,  and  pello,  to  drive  ;  that  property  in  certain  bodies, 
whereby  they  mutually  tend  to  recede  from  each  other. 

Salifiable  Bases,  from  sal,  salt,  and  fio,  to  become,  bodies  capable  of  com¬ 
bining  with  acids,  to  form  salts. 

Sapid,  from  sapio,  to  taste  of ;  possessing  the  power  of  exciting  the  organs  of 
taste. 

Saturation,  -ated,  from  satur,  full  ;  the  solution  of  one  body  in  another 
until  the  receiving  body  can  contain  no  more.  A  solution  is  said  to  be 
saturated  with  an  acid  or  an  alkali,  when  the  latter  is  added  in  sufficient 
quantity  to  render  it  natural,  and  supersaturated  when  the  point  of  neu¬ 
trality  has  been  exceeded. 

Solution,  from  solve,  to  loosen  or  melt ;  any  liquid  which  contains  another 
substance  dissolved  in  it. 

Solvent  ;  any  substance  which  will  dissolve  another. 

Specific,  from  species,  a  particular  sort  or  kind  ;  that  which  denominates 
any  property  which  is  not  general,  but  is  confined  to  an  individual  or 
species. 

Specific  Gravitv  ;  see  Gravity,  specific. 

Sublimation,  from  sublimis,  high  ;  the  act  of  raising  into  vapor  by  means  of 
heat,  and  condensing  in  the  upper  part  of  the  vessel  in  a  solid  state. 

Sulphide  (Sulphuret)  ;  a  combination  of  a  metal  with  sulphur. 

Supersaturate;  see  Saturation. 

Ternary,  from  ter,  thrice ;  containing  three  units. 

Tetrahedron,  from  reao-apes,  four,  and  tlpa,  a  base  or  side  ;  a  solid  figure 
contained  by  four  equal  and  equilateral  triangles. 

Transparent  ;  a  term  to  denote  the  quality  of  a  substance  which  not  only 
admits  the  passage  of  light,  but  also  the  images  of  external  objects. 

Triturate,  from  trituro,  to  thresh  ;  to  reduce  to  powder. 

Vacuum,  from  vacuus,  empty  ;  a  space  empty,  and  devoid  of  all  matter. 

Volume,  from  volumen,  a  roll ;  the  apparent  space  occupied  by  a  body. 

Weight;  the  pressure  which  a  body  exerts  vertically  downwards  in  conse¬ 
quence  of  the  action  of  gravity. 

Zero  ;  the  numeral  0,  which  fills  the  blank  between  the  ascending  and  de¬ 
scending  numbers  of  a  series. 
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fully  colored,  many  of  them  the  size  of  life.  In  one  vol.,  strongly 
bound  in  extra  cloth,  $17. 

_ Same  work,  in  five  parts,  paper  covers,  for  mailing,  $3  per  part. 

CYCLOPEDIA  OF  PRACTICAL  MEDICINE.  By  Dunglison,  Forbes, 
Tweedie,  and  Conolly.  In  four  large  super  royal  octavo  volumes,  of 
3254  double-columned  pages,  leather,  raised  bands,  $15  ;  extra  cloth, 
$11. 

CAMPBELL’S  LIVES  OF  LORDS  KENYON,  ELLENBOROUGH,  AND 
TENTERDEN.  Being  the  third  volume  of  “  Campbell’s  Lives  of 
the  Chief  Justices  of  England.”  In  one  crown  octavo  vol.,  cloth,  $2. 

Dalton  (J.  c.)  atreatise  on  human  physiology.  Fifth 

edition,  thoroughly  revised,  with  284  illustrations  on  wood.  In  one 
very  handsome  octavo  vol.  of  over  700  pages.  (Just  Issued.)  hxtia 
cloth,  $5  25  ;  leather,  $6  25. 
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DE  JONGH,  ON  THE  THREE  KINDS  OF  COD-LIVER  OIL.  1  small 
12mo.  vol.,  75  cents. 

DON  QUIXOTE  DE  LA  MANCHA.  Illustrated  edition.  In  two  hand¬ 
some  vols.  crown  8vo.,  cloth,  $2  50;  half  morocco,  $3  70. 

Dewees  (W.  p.)  a  treatise  on  the  diseases  of  females. 

With  illustrations.  In  one  8vo.  vol.  of  536  pages,  extra  cloth,  $3. 
-  A  TREATISE  ON  THE  PHYSICAL  AND  MEDICAL  TREAT¬ 
MENT  OF  CHILDREN.  In  one  octavo  volume  of  548  pages,  extra 
cloth,  $2  80. 

DRUITT  (ROBERT).  THE  PRINCIPLES  AND  PRACTICE  OF  MO¬ 
DERN  SURGERY.  A  revised  American,  from  the  eighth  London 
edition.  Illustrated  with  432  wood  engravings.  In  one  8vo.  vol. 
of  nearly  700  pages,  extra  cloth,  $4;  leather,  $5. 

DUNGLISON  (ROBLEY).  MEDICAL  LEXICON;  a  Dictionary  of 
Medical  Science.  Containing  a  concise  explanation  of  the  various 
subjects  and  terms  of  Anatomy,  Physiology,  Pathology,  Hygiene, 
Therapeutics,  Pharmacology,  Pharmacy,  Surgery,  Obstetrics,  Medical 
Jurisprudence,  and  Dentistry.  Notices  of  Climate  and  of  Mineral 
Waters ;  Formulae  for  Officinal,  Empirical,  and  Dietetic  Preparations, 
with  the  accentuation  and  Etymology  of  the  Terms,  and  the  French 
and  other  Synonymes.  In  one  very  large  royal  8vo.  vol.  New  edi¬ 
tion.  ( Nearly  Ready.) 

-  HUMAN  PHYSIOLOGY.  Eighth  edition,  thoroughly  revised. 

In  two  large  8vo.  vols.  of  about  1500  pages,  with  532  illustrations, 
extra  cloth,  $7. 

- NEW  REMEDIES,  WITH  FORMULAE  FOR  THEIR  PREPARA¬ 
TION  AND  ADMINISTRATION.  Seventh  edition.  In  one  very 
large  8vo.  vol.  of  770  pages,  extra  cloth,  $4. 

7AE  LA  BECHE’S  GEOLOGICAL  OBSERVER.  In  one  large  Svo.  vol. 
-L'  of  700  pages,  with  300  illustrations,  cloth,  $4. 

Dana  (tames  d.)  the  structure  and  classification  of 

ZOOPHYTES.  With  illustrations  on  wood.  In  one  imperial  4to.  vol., 
cloth,  $4  00. 

■pLLIS  (BENJAMIN).  THE  MEDICAL  FORMULARY.  Being  a 
-*-*  collection  of  prescriptions  derived  from  the  writings  and  practice  of 
the  most  eminent  physicians  of  America  and  Europe.  Twelfth  edi¬ 
tion,  carefully  revised  by  A.  H.  Smith,  M.  D.  In  one  8vo.  volume 
of  374  pages,  extra  cloth,  $3. 

ERICHSEN  (JOHN).  THE  SCIENCE  AND  ART  OF  SURGERY. 
A  new  and  improved  American,  from  the  sixth  enlarged  and  re¬ 
vised  London  edition.  Illustrated  with  630  engravings  on  wood.  In 
two  large  8vo.  vols.,  extra  cloth,  $9  00  ;  leather,  raised  bands,  $11  00. 

- - ON  RAILWAY  AND  OTHER  INJURIES  OF  THE  NERVOUS 

SYSTEM.  In  one  small  Svo.  vol.,  extra  cloth,  $1. 

ENCYCLOPAEDIA  OF  GEOGRAPHY.  In  three  large  Svo.  vols.  Illus¬ 
trated  with  83  maps  and  about  1100  wood-cuts,  cloth,  $5. 

FENWICK  (SAMUEL.)  THE  STUDENTS’  GUIDE  TO  MEDICAL 
DIAGNOSIS.  From  the  Third  Revised  and  Enlarged  London  Edi¬ 
tion.  In  one  vol.  royal  12mo.,  with  numerous  illustrations.  ( Now 
Ready.)  Extra  cloth,  $2  25. 

FISKE  FUND  PRIZE  ESSAYS  ON  TUBERCULOUS  DISEASE.  In 
one  small  8vo.  vol.,  cloth,  $1. 

FLETCHER’S  NOTES  FROM  NINEVEH,  AND  TRAVELS  IN  MESO¬ 
POTAMIA,  ASSYRIA,  AND  SYRIA.  In  one  12mo.  vol.,  cloth,  75cts. 
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"DOX  ON  DISEASES  OF  THE  STOMACH.  Publishing  in  the  Medi- 
cal  News  and  Library  for  1873. 

■FLINT  (AUSTIN).  A  TREATISE  ON  THE  PRINCIPLES  AND 
■  PRACTICE  OF  MEDICINE.  Fourth  edition,  thoroughly  revised 
and  enlarged.  In  one  large  8vo.  volume  of  1070  pages,  extra  cloth, 
$6;  leather,  raised  bands,  $7.  (Just  issued.) 

-  A  PRACTICAL  TREATISE,  ON  THE  PHYSICAL  EXPLORA¬ 
TION  OF  THE  CHEST,  AND  THE  DIAGNOSIS  OF  DISEASES 
AFFECTING  THE  RESPIRATORY  ORGANS.  Second  and  revised 
edition.  One  8vo.  vol.  of  595  pages,  cloth,  $4  50. 

- A  PRACTICAL  TREATISE  ON  THE  DIAGNOSIS  AND  TREAT¬ 
MENT  OF  DISEASES  OF  THE  HEART.  Second  edition,  enlarged. 
In  one  neat  8vo.  vol.  of  over  500  pages,  $4  00.  (Lately  issued.) 

"DOWNES  (GEORGE).  A  MANUAL  OF  ELEMENTARY  CHEMISTRY. 
From  the  tenth  enlarged  English  edition.  In  one  royal  12ino.  vol.  of 
857  pages,  with  197  illustrations,  extra  cloth,  $2  75  ;  leather,  $3  25. 
•DULLER  (HENRY).  ON  DISEASES  OF  THE  LUNGS  AND  AIR 
•L  PASSAGES.  Their  Pathology,  Physical  Diagnosis,  Symptoms  and 
Treatment.  From  the  second  English  edition.  In  one  8vo.  vol 
of  about  500  pages,  extra  cloth,  $3  50. 

Galloway  (Robert),  a  manual  of  qualitative  an 

ALYSIS.  From  the  fifth  English  edition.  (Now  ready.)  In  one 
12mo.  vol.,  extra  cloth,  $2  50. 

GLUGE  (GOTTLIEB).  ATLAS  OF  PATHOLOGICAL  HISTOLOGY. 
Translated  by  Joseph  Leidy,  M.D.,  Professor  of  Anatomy  in  the 
University  of  Pennsylvania,  &c.  In  one  vol.  imperial  quarto,  with 
320  copper  plate  figures,  plain  and  colored,  extra  cloth,  $4. 

Green  (r.  henry),  an  introduction  to  pathology  and 

MORBID  ANATOMY.  In  one  handsome  Svo.  vol.,  with  numerous 
illustrations.  (Just  issued.)  Extra  cloth,  $2  50. 

GIBSON’S  INSTITUTES  AND  PRACTICE  OF  SURGERY.  In  two  8vo. 
vols.  of  about  1000  pages,  leather,  $6  50. 

Gray  (henry),  anatomy,  descriptive  and  surgical. 

A  new  American,  from  the  fifth  and  enlarged  London  edition.  In  one 
large  imperial  8vo.  vol.  of  about  900  pages,  with  462  large  and 
elaborate  engravings  on  wood.  Cloth,  $6  ;  leather,  $7.  (Just  issued 

Griffith  (Robert  e.)  a  universal  formulary,  con 

TAINING  THE  METHODS  OF  PREPARING  AND  ADMINISTER¬ 
ING  OFFICINAL  AND  OTHER  MEDICINES.  In  one  large  8vo. 
vol.  of  650  pages,  double  columns,  extra  cloth,  $4 ;  leather,  $5. 

Gross  (Samuel  d.)  a  system  of  surgery,  pathological, 

DIAGNOSTIC,  THERAPEUTIC,  AND  OPERATIVE.  Illustrated 
by  1403  engravings.  Fifth  edition,  revised  and  improved.  In  two 
large  imperial  Svo.  vols.  of  over  2200  pages,  strongly  bound  in 
leather,  raised  bands.  (Lately  issued.)  $15. 

- A  PRACTICAL  TREATISE  ON  FOREIGN  BODIES  IN  THE 

AIR  PASSAGES.  In  one  8vo.  vol.  of  468  pages.  Extra  cloth,  $2  75. 

- ELEMENTS  OF  PATHOLOGICAL  ANATOMY.  Third  edition. 

In  one  large  8vo.  vol.  of  nearly  800  pages,  with  about  350  illustra¬ 
tions,  extra  cloth,  $4. 

GUERSANT  (P.)  SURGICAL  DISEASES  OF  INFANTS  AND  CHIL¬ 
DREN.  Translated  by  R.  J.  Dunglison,  M.  D.  In  one  Svo.  vol., 
cloth,  $2  50. 

Hudson  (A)  lectures  on  the  study  of  fever,  i  voi. 

8vo.,  316  pages  cloth,  $2  50. 
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Heath  (Chrtstophee).  practical  anatomy;  a  manual 

OF  DISSECTIONS.  With  additions,  by  W.  W.  Keen,  M.  D.  In  1 
volume;  with  247  illustrations.  Cloth,  $3  50;  leather,  $4. 

HARTSHORNE  (HENRY).  ESSENTIALS  OF  THE  PRINCIPLES 
AND  PRACTICE  OF  MEDICINE.  Third  and  revised  edition.  In 
one  12mo.  vol.  of  nearly  500  pages,  cloth,  $2  38;  half  bound,  $2  63. 

-  CONSPECTUS  OF  THE  MEDICAL  SCIENCES.  Comprising 

Manuals  of  Anatomy,  Physiology,  Chemistry,  Materia  Medica,  Prac¬ 
tice  of  Medicine,  Surgery,  and  Obstetrics.  In  one  royal  12mo.  vol¬ 
ume  of  over  1000  pages,  with  about  300  illustrations.  Strongly 
bound  in  leather,  $5  25;  extra  cloth,  $4  50. 

Hamilton  (frank  ho  a  practical  treatise  on  frac¬ 
tures  AND  DISLOCATIONS.  Fourth  and  revised  edition. 
In  one  handsome  8vo.  vol.  of  789  pages,  and  322  illustrations. 
Extra  cloth,  $5  75;  leather,  $6  75. 

TXOBLYN  (RICHARD  D.)  A  DICTIONARY  OF  THE  TERMS  USED 
-LI  IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES.  In  one 
12mo.  vol.  of  over  500  double  columned  pages,  cloth,  $1  50; 
leather,  $2. 

Hodge  (Hugh  l.)  on  diseases  peculiar  to  women,  in¬ 
cluding  DISPLACEMENTS  OF  THE  UTERUS.  Second  and 
revised  edition.  In  one  8vo.  volume,  cloth,  $4  50. 

- THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS.  Illus¬ 
trated  with  large  lithographic  plates  containing  159  figures  from 
original  photographs,  and  with  numerous  wood-cuts.  In  one  large 
quarto  vol.  of  550  double-columned  pages.  Strongly  bound  in  extra 
cloth,  $14. 

Holland  (sir  henry),  medical  notes  and  reflections. 

From  the  third  English  edition.  In  one  8vo.  vol.  of  about  500  pages, 
extra  cloth,  $3  50. 

HODGES  (RICHARD  M.)  PRACTICAL  DISSECTIONS.  Second  edi¬ 
tion.  In  one  neat  royal  12mo.  vol.,  half  bound,  $2. 

Hughes  scripture  geography  and  history,  with  12 

colored  maps.  In  1  vol.  12mo.,  cloth,  $1. 

TTORNER  (V/ILLIAM  E.)  SPECIAL  ANATOMY  AND  HISTOLOGY. 
J-L  Eighth  edition,  revised  and  modified.  In  two  large  8vo.  vols.  of  over 
1000  pages,  containing  300  wood-cuts,  extra  cloth,  $6. 

Hill  (Berkeley),  syphilis  and  local  contagious  dis¬ 
orders.  In  one  8vo.  volume  of  467  pages,  extra  cloth,  $3  25. 
TTILLIER  (THOMAS).  HAND-BOOK  OF  SKIN  DISEASES.  Second 
•L-L  Edition.  In  one  neat  royal  12mo.  volume,  about  300  pp.,  with  two 
plates,  cloth,  $2  25. 

Hall  (Mrs.  m.)  lives  of  the  queens  of  England  before 

THE  NORMAN  CONQUEST.  In  one  handsome  8vo.  vol.,  cloth, 
$2  25  ;  crimson  cloth,  $2  50  ;  half  morocco,  $3. 

TONES  (C.  HANDFIELD) ,  AND  SIEVEKING  (E.  D.  H.)  A  MANUAL 
•J  OF  PATHOLOGICAL  ANATOMY.  In  one  large  8vo.  vol.  of  nearly 
750  pages,  with  397  illustrations,  extra  cloth,  $3  50. 

TONES  (C.  HANDFIELD).  CLINICAL  OBSERVATIONS  ON  FUNC- 
TIONAL  NERVOUS  DISORDERS.  Second  American  Edition.  In 
one  8vo.  vol.  of  348  pages,  extra  cloth,  $3  25. 

KIRKES  (WILLIAM  SENHOUSE)  A  MANUAL  OF  PHYSIOLOGY. 
A  new  American,  from  the  eighth  London  edition.  One  vol.,  with 
many  illus.,  12mo.  {Now  Reathj.)  Cloth,  $3  25;  leather,  $3  75. 
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Knapp  (£.)  technology  :  or  chemistry,  applied  to  the 

ARTS  AND  TO  MANUFACTURES,  with  American  additions,  by 
Prof.  Walter  R.  Johnson.  In  two  8vo.  vols.,  with  500  illustrations, 
cloth,  $6.  • 

KENNEDY’S  MEMOIRS  OF  THE  LIFE  OF  WILLIAM  WIRT.  In 
two  vols.  12mo.,  cloth,  $2. 

LEA  (HENRY  C.)  SUPERSTITION  AND  FORCE ;  ESSAYS  ON  THE 
WAGER  OF  LAW,  THE  WAGER  OF  BATTLE,  THE  ORDEAL, 
AND  TORTURE.  Second  edition,  revised.  In  one  handsome  royal 
I2mo.  vol.,  §2  75.  ( Lately  issued.) 

- STUDIES  IN  CHURCH  niSTORY.  The  Rise  of  the  Temporal 

Power — Benefit  of  Clergy — Excommunication.  In  one  handsome 
12mo.  vol.  of  515  pp.,  extra  cloth,  $2  75.  ( Lately  Issued.) 

- AN  HISTORICAL  SKETCH  OF  SACERDOTAL  CELIBACY 

IN  THE  CHRISTIAN  CHURCH.  In  one  handsome  octavo  volume 
of  602  pages,  extra  cloth,  $3  75. 

T  A  ROCHE  (R.)  YELLOW  FEVER  IN  ITS  HISTORICAL,  PATHO- 
-Ll  LOGICAL,  ETIOLOGICAL,  AND  THERAPEUTICAL  RELA¬ 
TIONS.  In  two  8vo.  vols.  of  nearly  1500  pages,  extra  cloth,  $7. 
-  PNEUMONIA,  ITS  SUPPOSED  CONNECTION,  PATHOLO¬ 
GICAL  AND  ETIOLOGICAL,  WITH  AUTUMNAL  FEVERS.  In 
one  8vo.  vol.  of  500  pages,  extra  cloth,  $3. 

T  EISHMAN  (WILLIAM).  A  SYSTEM  OF  MIDWIFERY.  Includ- 
-*-*  ing  the  Diseases  of  Pregnancy  and  the  Puerperal  State.  In  one  large 
and  very  handsome  8vo.  vol.  of  700  pp.  and  182  ill  us.  (Nearly  ready .) 

Laurence  (j.  z.)  and  moon  (Robert  co  a  handy-book 

OF  OPHTHALMIC  SURGERY.  Second  edition,  revised  by  Mr. 
Laurence.  With  numerous  illustrations.  In  one  8vo.  vol.,  extra 
cloth,  $2  75. 

T  EHMANN  (C.  G.)  PHYSIOLOGICAL  CHEMISTRY.  Translated  by 
-LI  George  F.  Day,  M.  D.  AVith  plates,  and  nearly  200  illustrations. 
In  two  large  8vo.  vols.,  containing  1200  pages,  extra  cloth,  $6. 

- A.  MANUAL  OF  CHEMICAL  PHYSIOLOGY.  In  one  very 

handsome  8vo.  vol.  of  336  pages,  extra  cloth,  $2  25. 

Lawson  (George),  injuries  of  the  eye,  orbit,  and  eye¬ 
lids,  with  about  100  illustrations.  From  the  last  English  edition. 
In  one  handsome  8vo.  vol.,  extra  cloth,  $3  50. 

Ludlow  (j.  l.)  a  manual  of  examinations  upon  ana¬ 
tomy,  PHYSIOLOGY,  SURGERY,  PRACTICE  OF  MEDICINE, 
OBSTETRICS,  MATERIA  MEDICA,  CHEMISTRY,  PHARMACY, 
AND  THERAPEUTICS.  To  which  is  added  a  Medical  Formulary. 
Third  edition.  In  one  royal  12mo.  vol.  of  over  800  pages,  extra 
cloth,  $3  25  ;  leather,  $3  75. 

Lynch  (W.  f.)  a  narrative  of  the  united  states  ex¬ 
pedition  TO  THE  DEAD  SEA  AND  RIVER  JORDAN.  In  one 
large  and  handsome  octavo  vol.,  with  28  beautiful  plates  and  two 
maps,  cloth,  $3. 

-  Same  Work,  condensed  edition.  One  volume  royal  12mo.,  extra 

cloth,  $1. 

TAYCOCK  (THOMAS).  LECTURES  ON  THE  PRINCIPLES  AND 
-i-J  METHODS  OF  MEDICAL  OBSERVATION  AND  RESEARCH.  In 
one  12mo.  vol.,  extra  cloth,  $1. 

LYONS  (ROBERT  D.)  A  TREATISE  ON  FEVER.  In  one  neat  8vo. 
vol.  of  362  pages,  extra  cloth,  $2  25. 
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A/TARSHALL  (JOHN).  OUTLINES  OF  PHYSIOLOGY,  HUMAN 
AND  COMPARATIVE.  With  Additions  by  Francis  G.  Smith, 
M.  D.,  Professor  of  the  Institutes  of  Medicine  in  the  University  of 
Pennsylvania.  In  one  8vo.  volume  of  1026  pages,  with  122  illustra¬ 
tions.  Strongly  bound  in  leather,  raised  bands,  $7  50;  extra  cloth, 
$6  50. 

MACLISE  (JOSEPH).  SURGICAL  ANATOMY.  In  one  large  im¬ 
perial  quarto  vol.,  with  68  splendid  plates,  beautifully  colored;  con¬ 
taining  190  figures,  many  of  them  life  size,  extra  cloth,  $14. 

Meigs  (Chas.  d.)  obstetrics,  the  science  and  the  art. 

Fifth  edition,  revised,  with  130  illustrations.  In  one  beautifully 
printed  8vo.  vol.  of  760  pages,  extra  cloth,  $5  50;  leather,  $6  50. 

- WOMAN  :  HER  DISEASES  AND  THEIR  REMEDIES.  Fourth 

and  improved  edition.  In  one  large  8vo.  vol.  of  over  700  pages, 
extra  cloth,  $5  ;  leather,  $6. 

- ON  THE  NATURE,  SIGNS,  AND  TREATMENT  OF  CHILD-BED 

FEVER.  In  one  8vo.  vol.  of  365  pages,  extra  cloth,  $2. 

MILLER  (JAMES).  PRINCIPLES  OF  SURGERY  Fourth  American, 
from  the  third  Edinburgh  edition.  In  one  large  8vo.  vol.  of  700 
pages,  with  240  illustrations,  extra  cloth,  $3  75. 

———THE  PRACTICE  OF  SURGERY.  Fourth  American,  from  the 
last  Edinburgh  edition.  In  one  large  8vo.  vol.  of  700  pages,  with 
364  illustrations,  extra  cloth,  $3  75. 

TV/pNTGOMERY  (W.  F.)  AN  EXPOSITION  OF  THE  SIGNS  AND 
i-VL  SYMPTOMS  OF  PREGNANCY.  From  the  second  English  edition. 
In  one  handsome  8vo.  vol.  of  nearly  600  pages,  extra  cloth,  $3  75. 

MORLAND  (W.  W.)  DISEASES  OF  THE  URINARY  ORGANS.  With 
illustrations.  In  one  handsome  8vo.  vol.  of  about  600  pages,  extra 
cloth,  $3  50. 

MORLAND  (W.  W.)  ON  THE  RETENTION  IN  THE  BLOOD  OF  THE 
ELEMENTS  OF  THE  URINARY  SECRETION.  In  one  vol.  8vo., 
extra  cloth,  75  cents.. 

MUIiLER  (J.)  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY. 
In  one  large  8vo.  vol.  with  550  wood-cuts,  and  two  colored  plates, 
cloth,  $4  50. 

"lUTTRABEAU ;  A  LIFE  HISTORY.  In  one  royal  12mo.  vol.,  cloth, 
75  cents. 

MACFARLAND’S  TURKEY  AND  ITS  DESTINY.  In  2  vols.  royal 
12mo.,  cloth,  $2. 

Marsh  (Mrs.)  a  history  of  the  protestant  reforma¬ 
tion  IN  FRANCE.  In  2  vols.  royal  12mo.,  extra  cloth,  $2. 

NELIGAN  (J.  MOORE).  A  PRACTICAL  TREATISE  ON  DISEASES 
OF  THE  SKIN.  Fifth  American,  from  the  second  Dublin  edition. 
In  one  neat  royal  12mo.  vol.  of  462  pages,  extra  cloth,  $2  25. 

-  AN  ATLAS  OF  CUTANEOUS  DISEASES.  In  one  handsome 

quarto  vol.  with  beautifully  colored  plates,  &c.,  extra  cloth,  $5  50. 

KEILL  (JOHN)  AND  SMITH  (FRANCIS  G.)  COMPENDIUM  OF 
THE  VARIOUS  BRANCHES  OF  MEDICAL  SCIENCE.  In  one 
handsome  12mo.  vol.  of  about  1000  pages,  with  374  wood-cuts, 
extra  cloth,  $4;  leather,  raised  bands,  $4  75. 

NIEBUHR  (B.  G.)  LECTURES  ON  ANCIENT  HISTORY;  com¬ 
prising  tho  history  of  the  Asiatic  Nations,  the  Egyptians, 
Greeks,  Macedonians,  and  Carthageninns.  Translated  by  Dr.  L. 
Schmitz.  In  three  neat  volumes,  crown  octavo,  cloth,  $5  00. 
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OBSTETRICAL  JOURNAL.  Edited  by  James  H.  Aveling,  M.D., 
and  Alfred  Wiltshire,  M  D.  With  an  American  Supplement, 
edited  by  William  F.  Jenks,  M.D.  $5  00  per  annum,  in  advance. 
Single  Numbers,  50  cents.  Is  published  monthly,  each  number  con¬ 
taining  about  eighty  octavo  pages.  Commencing  with  April,  1873. 

ODLING  (WILLIAM).  A  COURSE  OF  PRACTICAL  CHEMISTRY 
FOR  THE  USE  OF  MEDICAL  STUDENTS.  From  the  fourth 
revised  London  edition.  In  one  12mo.  vol.  of  261  pp.,  with  75  illus¬ 
trations,  extra  cloth,  $2.  ( Lately  Issued.) 

PAVY  (F.  W.)  A  TREATISE  ON  THE  FUNCTION  OF  DIGESTION  : 
ITS  DISORDERS  AND  THEIR  TREATMENT. '  From  the  second 
London  Ed.  In  one  Svo.  vol.  of  246  pp.,  ext.  cl.,  $2.  ( Lately  Issued.) 

pARRISH  (EDWARD).  A  TREATISE  ON  PHARMACY.  With  many 
■L  Formulas  and  Prescriptions.  Fourth  edition.  In  one  handsome  8vo. 
vol.  {In  •preparation.) 

PIRRIE  (WILLIAM) .  THE  PRINCIPLES  AND  PRACTICE  OF  SUR¬ 
GERY.  In  one  handsome  octavo  volume  of  780  pages,  with  316 
illustrations,  extra  cloth,  $3  75. 

pEBEIRA  (JONATHAN).  MATERIA  MEDIC  A  AND  TIIERAPEU- 
■L  TICS.  An  abridged  edition.  With  numerous  additions  and  refe¬ 
rences  to  the  United  States  Pharmacopoeia.  By  Horatio  C.  Wood, 
M.  D.  In  one  large  octavo  volume,  of  1040  pages,  with  236  illustra¬ 
tions,  extra  cloth  $7  00;  leather,  raised  bands,  $8  00. 

PULSZXY’S  MEMOIRS  OF  AN  HUNGARIAN  LADY.  In  one  neat 
royal  12mo.  vol.,  extra  cloth,  $1. 

PAGET’S  HUNGARY  AND  TRANSYLVANIA.  In  two  royal  12mo. 
vols.,  cloth,  $2. 

Roberts  (william),  a  practical  treatise  on  urinary 

AND  RENAL  DISEASES.  A  second  American,  from  the  second 
London  edition.  With  numerous  illustrations  and  a  colored  plate. 
In  one  very  handsome  Svo.  vol.  of  616  pages.  Extra  cloth,  $4  50. 
{Just  Issued.) 

RAMSBOTHAM  (FRANCIS  H.)  TnE  PRINCIPLES  AND  PRAC¬ 
TICE  OF  OBSTETRIC  MEDICINE  AND  SURGERY.  In  one  im¬ 
perial  8vo%vol.  of  650  pages,  with  64  plates,  besides  numerous  wood- 
cuts  in  the  text.  Strongly  bound  in  leather  $7. 

RIGBY  (EDWARD).  A  SYSTEM  OF  MIDWIFERY.  Second  Ameri¬ 
can  edition.  In  one  handsome  Svo.  vol.  of  422  pages,  extra  cloth, 
$2  50. 

RANKE’S  HISTORY  OF  THE  TURKISH  AND  SPANISH  EMPIRES 
in  the  16th  and  beginning  of  17th  Century.  In  one  Svo.  volume, 
paper,  25  cts. 

- niSTORY  OF  THE  REFORMATION  IN  GERMANY.  Parts  I. 

II.  III.  In  one  vol.,  extra  cloth,  $1. 

ROYLE  ( J.  FORBES).  MATERIA  MEDIC  A  AND  THERAPEUTICS. 
Edited  by  Jos.  Carson,  M.D.  In  one  large  8vo.  vol.  of  about  700 
pages,  with  98  illustrations,  extra  cloth,  $3. 
pADCLIFFE,  AINSTIE,  AND  OTHERS.  ON  DISEASES  OF  THE 
-L')  SPINAL  COLUMN  AND  OF  THE  NERVES.  1  vol.  8vo.,  extra 
cloth.  $1  50. 

SMITH  (EUSTACE).  ON  THE  WASTING  DISEASES  OF  CHILDREN. 
Second  American  edition,  enlarged.  In  one  Svo.  vol.,  extra  cloth. 
$2  50.  {Just  Issued.) 
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SARGENT  (F.  W.)  ON  BANDAGING  AND  OTHER  OPERATIONS 
OF  MINOR  SURGERY.  New  edition,  with  an  additional  chapter 
on  Military  Surgery.  In  one  handsome  royal  12mo.  vol.  of  nearly 
400  pages,  with  184  wood -cuts,  extra  cloth,  $1  75. 

SMITH  (J.  LEWIS.)  A  TREATISE  ON  TI1E  DISEASES  OF  IN¬ 
FANCY  AND  CHILDHOOD.  Second  edition.  In  one  large  Svo. 
volume  of  over  700  pages,  cloth,  $5  ;  leather,  $6. 

SHARPEY  (WILLIAM)  AND  QTJAIN  (JONES  AND  RICHARD). 

HUMAN  ANATOMY.  With  notes  and  additions  by  Jos.  Leidy, 
M.D.,  Prof,  of  Anatomy  in  the  University  of  Pennsylvania.  In  two 
large  8vo.  vols.  of  about  1300  pages,  with  51 1  illustrations,  extra  cl.  $6. 

SXEY  (FREDERIC  C.)  OPERATIVE  SURGERY.  In  one  Svo.  vol. 
of  over  650  pages,  with  about  100  wood-cuts,  cloth,  $3  25. 

OLADE  (D.  D.)  DIPHTHERIA  ;  ITS  NATURE  AND  TREATMENT. 
^  Second  edition.  In  one  neat  royal  12mo.  vol.,  extra  cloth,  $1  25. 

SMITH  (HENRY  H.)  AND  HORNER  (WILLIAM  E.)  ANATOMICAL 

ATLAS.  Illustrative  of  the  structure  of  the  Human  Body.  In  one  large 
imperial  8vo.  vol.,  with  about  650  beautiful  figures,  extra  cloth,  $4  50. 

SMITH  (EDWARD).  CONSUMPTION;  ITS  EARLY  AND  REME¬ 
DIABLE  STAGES.  In  one  Svo.  vol.  of  254  pp.,  extra  cloth,  $2  25. 

STILLE  (ALFRED).  THERAPEUTICS  AND  MATERIA  MEDIC  A. 
Fourth  edition,  revised  and  enlarged.  In  two  large  and  handsome 
volumes  Svo.  ( Preparing .) 

SALTER  (H.  H.)  ASTHMA  ;  ITS  PATHOLOGY,  CAUSES,  CONSE¬ 
QUENCES,  AND  TREATMENT.  In  one  volume  8vo.,  extra  cloth, 
$2  50. 

SCHMITZ  AND  ZUMPT’S  CLASSICAL  SERIES.  In  royal  18mo. 
CORNELII  NEPOTIS  LIBER  DE  EXCELLENTIBUS  DUCIBUS 
EXTERARUM  GENTIUM,  CUM  VITIS  CATONIS  ET  ATTICI. 
With  notes,  Ac.  Price  in  extra  cloth,  60  cents;  half  bound,  70  cts. 
C.  I.  CA3SARIS  COMMENTARII  DE  BELLO  GALLICO.  With  notes, 
map,  and  other  illustrations.  Price  in  extra  cloth,  60  cents;  half 
bound,  70  cents. 

C.  C.  SALLUSTII  DE  BELLO  CATILINARIO  ET  JUGURTHINO. 
With  notes,  map,  Ac.  Price  in  extra  cloth,  60  cents;  half  bound, 
70  cents. 

Q.  CURTII  RUFII  DE  GESTIS  ALEXANDRI  MAGNI  LIBRI  VIII. 
With  notes,  map,  Ac.  Price  in  extra  cloth,  80  cents;  half  bound, 
90  cents. 

P.  VIRGILII  MARONIS  CARMINA  OMNIA.  Price  in  extra  cloth, 
85  cents;  half  bound,  $1. 

M.  T.  CICERONIS  ORATIONES  SELECTS  XII.  With  notes,  Ac. 

Price  in  extra  cloth,  70  cents  ;  half  bound,  80  cents. 

ECLOGA3  EX  Q.  IIORATII  FLACCI  POEMATIBUS.  With  notes, 
Ac.  Price  in  extra  cloth,  70  cents;  half  bound,  80  cents. 
ADVANCED  LATIN  EXERCISES,  WITH  SELECTIONS  FOR 
READING.  Revised,  with  additions.  Extra  cloth,  price  60  cents  ; 
half  bound,  70  cents. 

S WAYNE  (JOSEPH  GRIFFITHS).  OBSTETRIC  APHORISMS.  A 
new  American,  from  the  fifth  revised  English  edition.  With  addi¬ 
tions  by  E.  R.  Hutchins,  M.  D.  In  one  small  I2mo.  vol.  of  177  pp., 
with  illustrations.  Extra  cloth,  $1  25.  {Just  Issued.) 
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STURGES  (OCTAVIUS).  AN  INTRODUCTION  TO  THE  STUDY 
OF  CLINICAL  MEDICINE.  In  one  12mo.  vol.,  extra  cloth,  $1  25. 
(Now  Ready.) 


OCHOEDLER  (FREDERICK)  AND  MEDLOCK  (HENRY).  WONDERS 
^  OF  NATURE.  An  elementary  introduction  to  the  Sciences  of  Physics, 
Astronomy,  Chemistry,  Mineralogy,  Geology,  Botany,  Zoology, 
and  Physiology.  Translated  from  the  German  by  H.  Medlock.  in 
one  neat  8vo.  vol.,  with  679  illustrations,  extra  cloth,  $3. 


IMALL  BOOKS  ON  GREAT  SUBJECTS.  Twelve  works ;  each  one  10 
*  cents,  sewed,  forming  a  neat  and  cheap  series  ;  or  done  up  in  3  vols., 
extra  cloth,  $1  50. 


STRICKLAND  (AGNES).  LIVES  OF  THE  QUEENS  OF  HENRY 
^  THE  VIII.  AND  OF  HIS  MOTHER.  In  one  crown  octavo  vol., 
extra  cloth,  $1;  black  cloth,  90  cents. 

- MEMOIRS  OF  ELIZABETH,  SECOND  QUEEN  REGNANT  OF 

ENGLAND  AND  IRELAND,  in  one  crown  octavo  vol.,  extra  cloth, 
$1  40  ;  black  cloth,  $1  30. 


rpANNER  (THOMAS  HAWKES).  A  MANUAL  OF  CLINICAL  MEDI- 
-L  CINE  AND  PHYSICAL  DIAGNOSIS.  Third  American  from  the 
second  revised  English  edition.  Edited  by  Tilbury  Fox,  M.  D.  In 
one  handsome  12mo.  vol.  of  366  pp.,  cloth,  $1  50.  (Lately published.) 

-  ON  THE  SIGNS  AND  DISEASES  OF  PREGNANCY.  First 

American  from  the  second  English  edition.  With  four  colored  plates 
and  numerous  illustrations  on  wood.  In  one  vol.  8vo.  of  about  500 
pages,  extra  cloth,  $4  25. 

rpUKE  (DANIEL  HACK).  INFLUENCE  OF  THE  MIND  UPON  THE 
-*■  BODY.  In  one  handsome  8vo.  vol.  of  416  pp.,  extra  cloth,  $3  25. 
(Now  Ready.) 

rpAYLOR  (ALFRED  S.)  MEDICAL  JURISPRUDENCE.  Seventh 
-*■  American  edition.  Edited  by  John  J.  Reese,  M.D.  In  one  large 
8vo.  volume  of  879  pp.  Extra  cloth,  $5  00  :  leather,  $6  00. 

- PRINCIPLES  AND  PRACTICE  OF  MEDICAL  JURISPRU¬ 
DENCE.  From  the  Second  English  Edition.  In  two  large  8vo. 
vols.  (Just  ready.) 

-  ON  POISONS  IN  RELATION  TO  MEDICINE  AND  MEDICAL 

JURISPRUDENCE.  Third  American  from  the  Third  London  Edi¬ 
tion.  1  vol.  8vo.  (Preparing.) 

Thomas  (T.  gaillard).  a  practical  treatise  on  the 

DISEASES  OF  FEMALES.  Third  and  enlarged  edition.  In  one 
large  and  handsome  octavo  volume  of  784  pages,  with  about  250 
illustrations.  Extra  cloth,  $5  00 ;  leather,  $6  00. 


rpODD  (ROBERT  BENTLEY).  CLINICAL  LECTURES  ON  CERTAIN 
-1-  ACUTE  DISEASES.  In  one  vol.  8vo.  of  320  pp.,  extra  cloth,  $2  50. 
rpHOMPSON  (SIR  HENRY).  CLINICAL  LECTURES  ON  DISEASES 
-L  OF  THE  URINARY  ORGANS.  In  one  8vo.  volume  of  204  pages, 
with  illustrations,  extra  cloth,  $2  25. 

- THE  PATHOLOGY  AND  TREATMENT  OF  STRICTURE  OF 

THE  URETHRA  AND  URINARY  FISTULAS.  From  the  third 
•  English  edition.  In  one  8vo.  vol.  of  359  pp.,  with  illustrations,  extra 
cloth,  $3  50. 

-  THE  DISEASES  OF  THE  PROSTATE,  TnEIR  PATHOLOGY 

AND  TREATMENT.  Fourth  edition,  revised.  In  one  very  hand¬ 
some  8vo.  vol.  of  355  pp.,  with  13  plates.  Extra  cloth,  $3  75. 

WALSHE  (W.  H.)  PRACTICAL  TREATISE  ON  THE  DISEASES 
OF  THE  HEART  AND  GREAT  VESSELS.  Third  American  from 
the  third  revised  London  edition.  In  one  8vo.  vol.  of  420  pages, 
extra  cloth,  $3. 
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WOHLER’S  OUTLINES  OP  ORGANIC  CHEMISTRY.  Translated 
from  the  8th  German  edition,  by  Ira  Remsen,  M.D.  In  one  neat 
12mo.  vol.,  extra  cloth,  $3  00.  (Lately  issued.) 

WALES  (PHILIP  S.)  MECHANICAL  THERAPEUTICS.  In  one 
large  8vo.  vol.  of  about  700  pages,  with  642  illustrations  on  wood, 
extra  cloth,  $5  75;  leather,  $6  75. 

WELLS  (J.  SOELBERG).  A  TREATISE  ON  THE  DISEASES  OF 
THE  EYE.  Second  American,  from  the  Third  English  edition,  with 
additions  by  I.  Minis  Hays,  M.D.  In  one  large  and  handsome  octavo 
vol.,  with  6  colored  plates  and  many  wood-cuts,  also  selections  from 
the  test-types  of  Jaeger  and  Snellen.  Cloth,  $5  00;  leather,  $6  00. 

( Now  ready.) 

WHAT  TO  OBSERVE  AT  THE  BEDSIDE  AND  AFTER  DEATH 
IN  MEDICAL  CASES.  In  one  royal  12mo.  vol.,  extra  cloth,  $1. 

WATSON  (THOMAS).  LECTURES  ON. THE  PRINCIPLES  AND 
PRACTICE  OF  PHYSIC.  A  new  American  from  the  fifth  and  en¬ 
larged  English  edition,  with  additions  by  II.  Hartshorne,  M.D.  In 
two  large  and  handsome  octavo  volumes.  ( Now  Heady.)  Extra 
cloth,  $9  ;  leather,  $11. 

WEST  (CHARLES).  LECTURES  ON  THE  DISEASES  PECULIAR 
TO  WOMEN.  Third  American  from  the  Third  English  edition.  In 
one  octavo  volume  of  550  pages,  extra  cloth,  $3  75  ;  leather,  $4  75. 

- LECTURES  ON  THE  DISEASES  OF  INFANCY  AND  CHILD- 

HOOD.  Fourth  American  from  the  fifth  revised  English  edition.  In 
one  large  8vo.  vol.  of  656  closely  printed  pages,  extra  cloth,  $4  50  ; 
leather,  $5  '50. 

-  ON  SOME  DISORDERS  OF  THE  NERVOUS  SYSTEM  IN 

CHILDHOOD.  From  the  London  Edition.  In  one  small  12mo. 
volume,  extra. cloth,  $1.  (Now  ready.) 

- AN  ENQUIRY  INTO  THE  PATHOLOGICAL  IMPORTANCE 

OF  ULCERATION  OF  THE  OS  UTERI.  In  one  vol.  8vo.,  extra 
cloth,  $1  25. 

WILLIAMS  (CHARLES  J.  B.)  PULMONARY  CONSUMPTION: 
ITS  NATURE,  VARIETIES,  AND  TREATMENT.  In  one  neat 
octavo  volume.  Cloth,  $2  50.  (Now  ready.) 

WILSON  (ERASMUS).  A  SYSTEM  OF  HUMAN  ANATOMY.  A 
new  and  revised  American  from  the  last  English  edition.  Illustrated 
with  397  engravings  on  wood.  In  one  handsome  8vo.  vol.  of  over 
600  pages,  extra  cloth,  $4  ;  leather,  $5. 

-  ON  DISEASES  OF  THE  SKIN.  The  seventh  American  from 

the  last  English  edition.  In  one  large  8vo.  vol.  of  over  800  pages, 
extra  cloth,  $5. 

Also,  A  SERIES  OF  PLATES,  illustrating  “Wilson  on  Diseases  of  the 
Skin,”  consisting  of  20  plates,  thirteen  of  which  are  beautifully 
colored,  representing  about  one  hundred  varieties  of  Disease.  $5  50. 
Also,  the  TEXT  AND  PLATES,  bound  in  one  volume,  extra  cloth,  $10. 

-  THE  STUDENT’S  BOOK  OF  CUTANEOUS  MEDICINE.  In  . 

one  handsome  royal  12mo.  vol.,  extra  cloth,  $3  50. 

WINSLOW  (FORBES).  ON  OBSCURE  DISEASES  OF  THE  BRAIN 
AND  DISORDERS  OF  THE  MIND.  In  one  handsome  8vo.  vol. 
of  nearly  600  pages,  extra  cloth,  $4  25. 

WINCKEL  ON  DISEASES  OF  CHILDBED.  Translated  by  Chad¬ 
wick.  (Preparing.) 

^EISSL  ON  VENEREAL  DISEASES.  Translated  by  Sturgis. 
^  (Preparing.) 


